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INFLAMMATION MODELS IN NEURODE GENERATIVE AND 
ARTHRITIC DISORDERS 

L CROSS-REFERENCE TO RELATED APPLICATIONS 

1 . This application claims benefit of U.S. Provisional Application No. 
5 60/627604, filed November 12, 2004 and of U.S. Provisional Application No. 

60/646097 filed January 20, 2005, which are hereby incorporated herein by reference in 
their entirety. 

II. STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH 

2. This invention was made with government support under Grants ROl 
10 NS33553 and R21 NS048522 awarded by the National Institutes of Health. The 

government has certain rights in the invention. 

HI. BACKGROUND 

3. There are a number of diseases and disorders related to inflammation, as 
well as a number of pathways and molecules relate to inflammation. Models for 

15 studying these diseases and disorders are helpful in identifying and testing potential 
pharmaceuticals to treat these diseases and disorders. Disclosed are animal models 
which conditionally express one or more inflammatory molecules either spatially or 
temporally, as well as the nucleic acids to contruct these models. Also disclosed are 
methods of using the models. 

20 IV. SUMMARY 

4. Disclosed are methods and compositions related to vectors, cells, transgenic 
animals, and methods of making and using thereof related to inflammation molecules. 

V. BRIEF DESCRIPTION OF THE DRAWINGS 

5. The accompanying drawings, which are incorporated in and constitute a part 
25 of this specification, illustrate several embodiments and together with the description 

illustrate the disclosed compositions and methods. 

6. Figure 1 shows p*^ - an excisionally activated transgene. H^l p** 1 is a 
bicistronic gene comprized of the cytomegalovirus promoter (CMV), followed by a 
"floxed" transcriptional termination cassette (► STOP*-), the human IL-1 RA peptide 

30 secretion signal (ss) fused to the mature human IL-lp ORF (ssIL-lp), the reporter lacZ 
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gene and the bovine growth hormone poly A mRNA tail (pA). An internal ribosomal 
entry signal facilitates translation and expression of the second ORF, lacZ, at 
approximately 45% of the first ORF. 

Figure 2 shows that Cre-mediated activation of the inducible IL-ip** 7 
5 transgene. The IL-1 p** 7 gene was transfected into the murine fibroblast NM 3T3 cell 
line. Transient expression of Cre recombinase following co-transfection of the 
expression vector pRc/CMV-CreWT resulted in IL-lp™ 7 activation and higher levels 
of IL-lp mRNA detected by RT-PCR, as well as lacZ expression assessed by X-gal 
histochemistry (10X). Control conditions included (a) plain NIH 3T3 cells, as well as 
10 (a) cells co-tomsfected with IL-lpXAT and (c) the pRc/CMV- backbone vector, which 
displayed background levels of IL-lp and lacZ expression presumably due to niimmal 
spontaneous read-through from the strong CMV promoter. 

7. Figure 3 shows that CrePr induces loxP-directed IL-1 P** 1 " excisional 
recombination and gene activation The IL-ip™ 7 gene was transiently transfected into 
15 293HGLVP/CrePr cells [Maguire-Zeiss KA, et al. (2002). Neurobiol Aging 23:977-84] 
and the expression of IL-lp and lacZ was evaluated following RU486 (10-7M) 
administration. (A) Activation of Cre recombinase by RU486 resulted in up-regulation 
of both IL-ip and lacZ mRNA as assessed by RT-PCR. For demonstration purposes, an 
IL-lp standard curve (lug-10-5 ug) is included in this panel. (B) Concomitantly, 
20 significantly higher levels of secreted IL- 1 p protein were found in the supernatant 
media of RU486-treated cells as assessed by ELBA for human DL-ip. (C) The 
expression of the reporter gene p-galactosidase was also confirmed by Xgal 
histochemistry: naive cells present only minimal levels of background staining, whereas 
addition of RU486 in the culture media resulted in significant increase in the number of 
25 X-gal positive cells. (D) BL-ip^ excisional DNA recombination was confirmed by 
PCR of genomic DNA extracts from cells treated with plain growth media as well as 
media containing RU486 (10-7M) using a primer set (UP & LP) that flanked the 
►STOP^ sequence. PCR amplification of cells under plain media yielded a full- 
length product (~3Kb), indicative of a dormant IL-lp^ 1 " state. In contrast, RU486- 
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treated cells yielded a PCR product of 1Kb in size, indicative of DNA recombination 
and excision of the ► STOP** cassette. 

8. Figure 4 shows that H^ip** 1 activation results in expression of biologically 
potent IL-1 p cytokine. The biological potency of the transgene-derived IL-1 p cytokine 

5 was evaluated in vitro as follows. Murine fibroblasts were treated with conditioned 
media collected from cultured NIH 3T3 cells that had been previously transfected with 
Cre-induced 11^ lp** 1 as described in Figure 2 above (co-transfection with the 
pRc/CMV-creWT vector). COX-2 transcript levels was measured in the target cells 
(murine fibroblasts) and was employed as a measure of EL-ip biological potency. 

10 Conditioned media were incubated with the neutralizing antibodies for 2 hours at 37°C 
prior to addition to target cells. (A) Conditioned medium collected form naive NIH 3T3 
cells (containing <3.9 pg/mL hll^lp as determined by ELBA) were placed on murine 
fibroblasts, which in turn showed low levels of murine COX-2 mRNA. Moreover, (B) 
conditioned medium from NIH 3T3 cells transfected with IL-1 P^ 1 + pRc/CMV- 

15 backbone vector (contained <3.9 pg/mL hIL-lp) also showed low levels of murine 
COX-2 mRNA. In contrast, (C) conditioned medium from IL-ip** 7 + pRc/CMV- 
CreWT transfected NIH 3T3 cells (1 ng/mL hIL-lp) significantly induced COX-2 
mRNA in the target cells; (D) pre-incubation of the conditioned medium with a control 
rabbit IgG antibody (5 |xg/mL IgGl isotype) had minimal effects on COX-2 regulation. 

20 However, (E) pre-incubation of the conditioned medium with a rabbit anti- hIL-1 P (5 
p.g/mL IgGl) antibody attenuated the COX-2 induction. (F) Positive control: additional 
of human recombinant IL-1 p (1 ng/mL+ 5 ^xg IgGl isotype). (G) human recombinant 
IL-ip pre-incubated with 5 fxg/mL neutralizing antibody. Results are shown as fold 
induction of COX-2 mRNA relative to group A. hi conclusion, this experiment 

25 demonstrated that activation of the IL-1 p** 1 gene results in production of biologically 
potent IL-lp and subsequently up-regulation of the inducible COX-2. (N=3). *p<°- 05 i 
S.E.M. 

9. Figure 5 shows Cre-mediated activation of the COLLI- IL-ip** 1 gene. The 
3.6 Kb promoter of the Al chain of pro-collagen I gene, which has been shown to target 

30 gene expression in bone and cartilage, drove the expression of the IL-1 p** 7 gene in 
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NIH 3T3 stable cell line following trasfection with the pRc/CMV-CreWT vector and 
infection with the HTV(Cre) virus. Panel (A) depicts transfection (+) of such a stable 
cell line with pRc/CMV-CreWT, leading to expression of human EL-ip expression 
concomitantly with Cre recombinase as detected by RT-PCR In contrast, untreated 
5 cells (-) were characterized by the absence of IL-ip and Cre recombinase. Panel (B) 
depicts similar IL-lp and Cre expression as assessed by RT-PCR following infection of 
the COLLI- IL-lp 50 " cell line with the HIV(Cre) virus. The presence of IL-1 P™ 7 in 
the cells was confirmed by PCR as shown. 

10. Figure 6 shows that IL-ip induces inflammation-related genes. The effects 
10 of IL-1 p were evaluated in vitro utilizing primary rat endothelial cell cultures as a 

representative rodent cell type. In this experiment, murine IL-ip (lOng/mL) was 
administered exogenously to cultured primary cells, and subsequently examined the 
regulation of several inflammation-related genes at the transcript level over the course 
of 72 hours. These molecules include (A) the inducible isoform of cyclooxygenase 
15 (COX-2), intercellular adhesion molecule-1 (ICAM-1) and monocyte chemoattractant 
protein-1 (MCP-1), as well as (B) the collagenase-A (MMP-2) and -B (MMP-9). Panel 
(C) depicts enzyme activity levels of MMP-2 and MMP-9 as evaluated by zymography. 

11. Figure 7 shows that recombinant IL-ip induced transcriptional expression of 
(A) intercellular adhesion molecule-1 (ICAM-1), monocyte chemoattractant protein-1 

20 (MCP-1), and (B) inducible collagenase-B (MMP-9) as assessed at the mRNA level by 
RT-PCR in rodent endothelial cells in vitro. As anticipated, enzyme activity for both 
collagenase-A (MMP-2) and -B (MMP-9) was upregulated by IL-1 P as assessed by 
zymography. Interestingly, simultaneous administration of the representative NSAID 
indometbacin (LNDO) + IL-ip resulted in exacerbation of the effects elicited by IL-lp 

25 alone. Specifically, ICAM-1, MCP-1 (A) and MMP-9 (B) transcript levels were further 
increased by INDO, as was collagenase activity for both MMP-2 and MMP-9 (C). The 
regulation of pro-collagen IV was also included in the study as control (not an 
inflammatory gene) - Panel B. 

12. Figure 8 shows resistance to mouth opening as a behavioral measure. 

30 Patients with TMJ dysfunction and pain are characterized by a common array of clinical 
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features, including limitation of jaw opening and increased pain from jaw function (see 
discussions herein). Methods were adopted based on these principles for the 
assessment of symptoms from the TMJ. (A)The mice have orthodontic hooks fixed on 
the upper and lower incisor teeth with light cure orthodontic resin; the maxillary hook 

5 stabilizes the upper jaw vertically, whereas the lower hook is attached to an electronic 
dynamometer (B). The lower hook with the dynamometer are lowered at predefined 
vertical distances (5mm, 10mm, 15mm, 20mm and 25mm) and the resistance to jaw 
opening is recorded. (C) Previous experiments in mice have demonstrated that the 
animal will attempt to close the mouth when the mandible is depressed. This type of 

10 experiment was performed on TNFct transgenic mice displaying TMJ rheumatoid 
arthritis at 12 weeks. There was a 75% reduction in closing bite force compared to 
controls. The data represent the mean ± standard deviation. Five animals were tested 
three times and the mean and S.D. of resistance to mouth opening were determined. ** 
PO.01. 

15 13. Figure 9 shows electromyography of the masticatory muscles in evaluating 

TMJ pain. Electromyographic signals were obtained with a telemetry system using a 
fully implantable device that combines continuous registration of one biopotential (right 
masseter muscle). The implant (ETA-F20, Data Sciences International - DSI, St. Paul, 
MN) consists of an electronics module and a battery, which transmits data for at least 6 

20 months with a magnetically activated on-off switch, extending battery life. Extending 
from the silicone housing are two flexible leads, i.e. bipolar electrodes and one ground 
lead Each 40 mm lead contains a helix of stainless steel wire (diameter: 0.45 mm) with 
an insulating layer of silicone tubing (diameter: 0.8 mm). The 45x17x10 mm implant is 
biocompatible, sealed, sterile and calibrated Within the implant, the biopotentials are 

25 filtered (first order low-pass filter, 1 58 Hz; personal communication, DSI) and sampled 
(5,000Hz) and using a carrier frequency (455 kHz), the output is transferred to the 
transmitter leads. A receiver is placed under the cage (RMC-1, 31x24.5x3.5 cm, DSI) 
that collects this signal and the extracted data strings are saved on hard disk using the 
Dataquest A.R.T. data acquisition system (DSI). For the F20 implant device, 

30 specification of the maximum cage size is 42x42x18 cm (using a single receiver). Panel 
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A represents a 10 second sample representing 50,000 data points. The individual 
chewing strokes that represent the highest generated muscle activity can be identified as 
a peak utilizing the mathematical procedure of the moving window criteria. Panel B 
represents 3 chewing strokes from Panel A that have been isolated and rectified. Each 

5 maximal peak represents the 100 percent activity (maximal activity) of the individual 
chewing stroke. These data can be rectified, and a moving average can be used to 
smooth the curves. From these, the ascending and descending 50% and 25% activities 
can be established simultaneously (C). The integrated signal from the first chewing 
motion in panel B was analyzed. The area of the chewing stroke activity was identified 

10 utilizing Simpson's rule in which the area is approximated by parabolas. Peak activity is 
identified at 100% and the corresponding 25% and 50% of peak activity for ascending 
and descending curve can be calculated. Times and areas are simultaneously calculated 
for each period. The skewness and kurtosis of these individual curves can be calculated 
and analyzed individually and as an average for the five 10 seconds periods of EMG. 

15 Statistical analysis includes the following process. Multiple chewing strokes can be 
used to evaluate the reliability of the time and amplitude of the EMG signal using 
intraclass correlation coefficient. There are about 25 chewing strokes for each 10 
seconds of sampling and the EMG signal (Panel A) and the chewing of a cheerio can be 
recorded for one minute. The ascending and descending 50% and 25% activities and 

20 maximal activity can be used for the analysis as well as the times to reach each time 
point. 

14. Figure 10 shows FlV(Cre): a self-inactivating feline immunodeficiency viral 
vector. A custom nlscre transgene was constructed and cloned in the FIV transfer vector 
flanked by loxP sites. FIV vims is produced in vitro by co-transfecting the recombinant 

25 FIV transfer vector into 293H cells along with the packaging and viral envelop (VSV- 
G) vector. 

15. Figure 1 1 shows recombination with the TL-l P XAT construct. Equimolar 
mixtures oflL-lp XAT (CMV promoter) and pRC/CMV or pRC/CMV-cre (2 jig total 
plasmid DNA) were transfected into 293H cells (Invitrogen, Carlsbad, California) in 12 



WO 2006/053343 



PCTYUS2005/042058 



well plates using Lipofectamine 2000 (Invitrogen). 72 hours following transfection, 
cells were fixed and stained for lacZ activity using X-gal histochemistry. 

16. Figure 12 shows FIV-lacZ transduces murine astrocytes in vitro. Murine 
astrocyte cultures at approximately 60% confluence were infected with the FIV-lacZ 

5 vector using a multiplicity of infection (MOI) of 1. Staining for lacZ expression in 
fixed cells was carried out using X-gal histochemistry at 48 hours. 

17. Figure 13 shows that the IL-1 ^ Construct is composed of a 2.2 kb human 
GFAP promoter, a loxP element (red), three exons from the human growth hormone, 
one of which has a frameshift mutation (FS) to disrupt the open reading frame, a p~ 

10 globin translational terminator, a second loxP element, the signal sequence from ML- 
lra (ss) fused in frame to the coding sequence for mature human IL-1 (3, an internal 
ribosomal entry site (IRES) followed by coding sequence for (J-galactosidase, and 3' 
flanking DNA from the human growth hormone. Following ere recombinase mediated 
excision, the p-globin terminator was removed, allowing transcription of sshIL-ip and 

15 lacZ. 

18. Figure 14 shows that FIV production is accomplished in vitro following co- 
transfection of the aforementioned vectors into 293-T cells. The FTV-rich supernatant is 
then collected, filtered and can be used directly or following concentration by 
centrifugation. Titers routinely range between 107 - 108 infectious particles/mL. 

20 Although pFIV(lacZ) is shown in this illustration, pFIV-gfp and pFIV-cregfp have been 
made also. 

19. Figure 15 shows a map of the pGFGH plasmid containing the 2.2 kbp 
murine GFAP promoter. The promoter was excised using EcoRl and Notl restriction 
enzymes. 

25 20. Figure 16 shows a map of the linearized IL-1 P** 7 construct (analogous to 

RAP™ 7 , except for the substitution of hIL-IRA for ssIL-ip). 

21. Figure 17 shows recombination and gene induction in a rat astrocyte stable 
cell line (RBA2) expressing RAP** 7 under control of the GFAP promoter. Stable cell 
lines were established after transfection with RAP** 7 and selection with G418. 1= 

30 Naive cells; 2= Transfection with Prc/CMV; 3= Transfection with Prc/CMV-Cre; 4= 
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Viral Infection with FIVCre. a) LoxP DNA recombination; b) IL-1RA protein 
concentrations in media determined by EL1SA; c) X-gal histochemistry. 

22. Figure 18 shows identification of 2 IL-ip"* 7 transgenic founders using 
primers flanking the 5' and 3' ends of the ssIL-ip transgene (HIL-1B-F1XUP and IL- 

5 lB-17kD-LP), producing a 539 bp PCR product in transgenic positive mice. 

23. Figure 19 shows identification of 3 RAP** 1 " transgenic founders using 
primers flanking the 5' and 3' ends of the hIL-IRA transgene (Hfl-lB-FIXUP and 
HSIL-1RA-LP), producing a single 534 bp PCR product in transgenic positive mice. 

24. Figure 20 shows identification of 6 RAP** 1 " Fl transgenic mice (all 

10 offspring of mouse 786-5-4 bred with a wild-type mouse). Primers used are identical to 
Figure 5 (HIL-IB-FDCUP and HSEL-IRA-LP). 

25. Figure 21 shows the.Cre-mediated activation of the COL1- ILip** 7 gene. 
The 3.6 Kb promoter of the Al chain of pro-collagen I gene, which has been shown to 
target gene expression in bone and cartilage, drove the expression of the TL-l™ 1 gene 

15 in NIH 3T3 stable cell line following transfection with the fflV(Cre) vector and also 
infection with the HIV(Cre) virus. Panel (A) depicts transfection (+) of such a stable 
cell line with fflV(Cre) vector, leading to expression of human IL-lp expression (EL-ip 
RT-PCR) concomitantly with Cre recombinase (Cre RT-PCR) as detected by RT-PCR 
at the mRNA transcript level, hi contrast, untreated cells (-) were characterized by the 

20 absence of ID-ip and Cre recombinase. Panel (B) depicts similar IL-1 P and Cre 

expression as assessed by RT-PCR following infection of the COLl-ILl** 1 " stable cell 
line with the HlV(Cre) virus. The presence of the EL-l** 1- transgene in the cells was 
confirmed by PCR as shown (IU-ip XAT ). 

26. Figure 22 shows the development of COLl-ILlp XAT cell lines. Five COL1- 
25 ILip^ clones were picked and expanded based on the presence of the IL1B 

transgene in their genomic DNA. (A) The presence of the TL-IB™ transgene was 
confirmed by DNA amplification of the ssILlp sequence using the HIL-IB-FDCUP and 
ILlB-17kD-LP primers (described in section A). As positive control for the PCR 
reaction, the pCOLl -ELI p** 1 " vector was employed (cntl). (B) The induction of COL1- 
30 ILlp^ 7 was evaluated in cells that were transfected with the BTv*(Cre) vector. Cell line 
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#2 and #3 were positively identified. (C) The expression of Cre recombinase in these 
conditions was confirmed by Cre RT-PCR. These cell line have also named as foUows 
based on their derivation: Line #1 => naive cells; Line #2 => 9-2 cell line; Line #3 => 
9-3 cell line; Line #4 => 9-4 cell line; Line #5 => 13-1 cell line. 
5 . 27. Figure 23 shows FIV(nlsCre) viral vector development and induction of 

COLl-ILip XAT in vitro. Packaged FIV(nlsCre) virus was used to infect NTH 3T3 cells, 
which were subsequently transfected with the CMV-IL1BXAT genes. Activation of the 
dormant gene was evaluated by lacZ expression as assessed by X-gal histochemistry 
(blue cells). 

10 28. Figure 24 shows COLML-lp^ 7 transgenic mouse lines. The University of 

Rochester Transgenic Animal facility has performed a series of microinjections, which 
yielded 3 strong candidate transgenic COLl-TL-lp** 1 mouse lines: #4, #1 1 and #12. 
This figure depicts PCR amplification of the transgene using a set of primers that also 
amplify the endogenous murine IL-1 p gene at low levels. Transgene transmission in the 

15 offspring of #4, 1 1 and 12 transgenic founders is analyzed. c=control (C57B1/6 stock); 
4, 11, 12, 13, 14 = Transgemc mouse lines; + = PCR positive control; - = PCR primers 

control. 

29. Figure 25 shows COLl-IL-lp** 7 transgenic mouse lines: Colony Status. 

30. Figure 26 shows COLML-lp^ transgenic mouse: Founder #4 - detail of 
20 the line. 

31. Figure 27 shows behavioral changes in Coll-rLlp^ 1 mice after injection of 
FW(Cre) in the knees. A group of Coll-ILl p** 7 transgenic mice (N=3) received a 
single intra-articular injection of 10 6 infectious particles of FIV(Cre) in the right and 
left knees at 2 months of age. In addition, a second group of mice (N=3) received saline 

25 injection and served as controls. During a session, each mouse was videotaped for 1 
hour. The tape was then transferred digitally to a computer and analyzed in 20 periods 
of 3 minutes each. The duration of each mouse displaying grooming and licking was 
recorded and summed as seconds. The analysis of the behaviors was made by an 
investigator who was blind to the animal group assignment. Statistical analysis was 

30 performed by t-Test Error bars = SEM. *=P<0.05. 
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32. Figure 28 shows locomotive deterioration in Coll-ILip mice after 
injection of FW(Cre) in the knees. Four groups of mice (N=3) were evaluated in terms 
of locomotive behavior by the rotorod appliance (Columbus Instruments, Columbus 
OH) and the lapse time until the mice well off the rotating cylinder (20 rpm) was 

5 recorded. The mice were evaluated over a period of 8 weeks following the intra- 
articular injections (8 wks - 1 6 wks of age). 

33. Figure 29 shows FlV(Cre) injection in the knee of Coll-ILip*^ mice 
resulted in transgene induction. Immunocytochemical detection of the reporter gene 0- 
galactosidase was employed to confirm the activation of the Coll-ILlp** 1 transgene by 

10 FlV(Cre) in this mouse model using antibodies raised against P-galactosidase and Cre 
recombinase. (A) FICT-conjugated immunodetection of p-galactosidase, (B) Texas 
Red-conjugated immunodetection of Cre recombinase, and (C) B/W image of the same 
microscopic field. (D) Overlap of panels A+B, and (E) overlap of panels A+B+C 
demonstrating co-expression of p-galactosidase and Cre recombinase in vivo (solid 

1 5 arrows). Note that there are more red cells than green cells (open arrows) indicating that 
not all infected cells express the transgene CollAl-^ILlp-IRES-lacZ in the same 
capacity. All images were captured at a magnification of 20X. "m"=meniscus; 
"a"=articular surface; 'TMntxa-articular space. 

34. Figure 30 shows arthritic changes in the knee joint of Coll-ILip** 1 mice 
20 following injection of FTV(Cre). (A) H&E staining of a knee section harvested from a 4 

month old Coll-ILlp**' 1 ' transgenic mouse injected with FlV(Cre) revealed the 
formation of fibrillations (solid arrow) and of an articular lip (open arrow). In contrast, 
(B) a transgenic mouse that received the control vector FTV(GFP) did not develop such 
anatomic aberrations. (C) Alcian blue / orange semi-quantitative evaluation showed a 
25 decrease in cartilage (less blue stain) and bone (less red stain) density in the Coll- 

ILip XAT +FTV(Cre) knees compared to (D) controls. Moreover, increased cloning along 
with thickening of the articular surfaces was observed in the experimental animals 
(indicated by small arrows). 

35. Figure 31 shows brain inflammation in Coll-ILl p** 7 mice following 

30 injection of FTV(Cre) in the knee and TMJ. Eight weeks after FIV(Cre) injection in the 
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knee and TMJ of Coll-ILip** 1 mice we evaluated the brain for activation of microglia 
and astrocytes by immunocytochemistry. (A) Using a monoclonal antibody raised 
against the MHC-class II antigen, we detected the presence of activated microglia in the 
brain. In contrast, control animals did not display any MHC-II positive cells. (C) Larger 
5 magnification of panel A. (B) There was lack of astrocyte activation in the brains of 
these animals as assessed by glial fibrillaiy acidic protein (GFAP). (D) Larger 
magnification of panel B. 

36. Figure 32 shows arthritis-like changes in the TMJ of Coll-ILl pumice 
after intra-articular injection of FlV(Cre). Eight weeks after FlV(Cre) injection in the 

10 TMJ of Coll-ILl p** 7 mice we evaluated anatomic aberrations of the joint by semi- 
quantitative Alcian blue - orange G histochemistry. (A) TMJ section from an inactive 
Coll-ILl P^ 7 mouse depicting the condylar head as well as the meniscus. In 
comparison, (B) a TMJ section harvested from a Coll-ILl P** 1 * mouse injected with 
FIV(Cre) in the TMJ. (Q Larger magnification of the identified area of panel A, (D) 

15 Larger magnification of the identified area of panel B. 

37. Figure 33 shows GFP expression in the mouse hippocampus 1 week 
following FW-GFP injection. Coordinates: 1 .8 mm lateral and caudal to bregma, 
1.7mm deep to brain surface. 

38. Figure 34 shows glial activation following hIL-ip induction. ICC was 

20 performed 2-weeks following FIV-Cre injection in heterozygous ILlb-XAT (Lines A/a 
and B/b) or wild-type (WT) mice. There is robust upregulation of MHC-II and GFAP 
(B/b > A/a) as compared to wild-type animals. 

39. Figure 35 shows inflammatory marker upregulation. ICC was performed 2- 
weeks following FIV-Cre or FIV-LacZ injection in heterozygous ILlb-XAT mice 

25 (Lines A/a and B/b). ICAM-1 and MCP-1 are markedly upregulated compared to FIV- 
LacZ injected line B/b control animals. 

40. Figure 36 shows neutrophil recruitment to the mouse hippocampus. 2-weeks 
following FIV-Cre injection there were numerous neutrophils recruited to the 
hippocampal parenchyma (B/b »A/a) as evidenced by 7/4 antibody staining. 

30 Parenchymal 7/4 antibody staining in absent in wild-type (WT) mice. 
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41. Figure 37 shows time course of gene transcript induction. ILlb-XAT line 
B/b demonstrates significant upregulation ofMHC-H, GFAP and MCP-1 in the 
ipsilateral hemisphere extending up to 4 weeks after gene activation. ILlb-XAT line 
A/a shows a milder, distinct phenotype. i=ipsilateral; c=contraleral. **=p<.01 ; 

5 ***==p<.001. 

42. Figure 38 shows upregulation of the ELR+ CXC chemokines. 2 weeks 
following IL-1 p induction there is significant upregulation of KC and MIP-2 in line 
B/b. These chemokines are members of the neutrophil chemoattractant ELR+ CXC 
chemokine family. CXCR2 receptor expression is also significantly increased in line 

1 0 B/b, likely due to expression by infiltrating neutrophils. 

43. Figure 39 shows orofacial grooming as a behavioral measure of formalin- 
induced TMJ pain. Intra-articular TMJ injection of formalin (10 \iL of 0.625% formalin 
in saline) in 2 month old male C57BL/6 mice resulted in significantly increased 
orofacial grooming (TMJ-F) compared to mice receiving saline (TMJ-S) or no injection 

15 (CNTL). Pre-treatment of the mice with morphine (intraperitoneal administration 30 
min prior to formalin injection) resulted in attenuation of orofacial grooming in 
formalin-challenged mice to near normal levels. N=5 ; *P<0.05 

44. Figure 40 shows resistance to mouth opening as a behavioral measure of 
formalin-induced TMJ pain. Intra-articular TMJ injection of formalin (10 \iL of 0.625% 

20 formalin in saline) in 2 month old C57BL/6 male mice resulted in significantly 

decreased resistance to mouth opening (TMJ-F) compared to mice receiving saline 
(TMJ-S) or no injection (CNTL) 90 min after the formalin injection. Moreover, pre- 
treatment of mice with morphine (intraperitoneal administration 30min prior to 
formalin injection) resulted in attenuation of orofacial grooming in formalin-challenged 

25 mice to near normal levels (F+MOR). N=5; *P<0.05. 

45. Figure 41 shows FlV(Cre) injection in the knee of Coll-ILip** 7 mice 
resulted in transgene induction. Immunofluorescent detection of the reporter gene (J- 
galactosidase was employed to confirm the activation of the Coll-ILip** 7 transgene by 
FP/(Cre) in this mouse model using antibodies raised against P-galactosidase and Cre 

30 recombinase. Panel (A) depicts FTTC-conjugated immunodetection of P-galactosidase, 
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(B) Texas Red-conjugated immunodetection of Cre recombinase. (C) Overlap of panels 
A+B, and (D) overlap of panel C with respective dark field image demonstrating 
histology. Note that not all infected cells express the ELip XAT transgene in the same 
capacity. All images were captured at a magnification of 100X. 

5 46. Figure 42 shows FIV(Cre) injection in the knee of Coll -ELI fP** mice 

resulted in chronic expression of hIL-lp. Immunohistochemical analysis of knee 
sections harvested from adult Coll-ILip** 7 transgenic mice 8 weeks following intra- 
articular injections of (A) FlV(Cre) and (B) FlV(gfp). A commercially available 
antibody (Abeam cat. No. ab2105; Cambridge, MA) raised against recombinant human 

10 mature IL-1 P that does not cross-react with the murine or rat cytokine was employed 
(black staining). (40x) c-cartilage; i-intra articular space; p-pannus. 

47. Figure 43 shows arthritic changes in the knee joint of Coll-ILlp*^ mice 
following injection of FTV(Cre). (A) Alcian blue - orange G staining of a knee section 
harvested from a 4 month old Coll-ILlp** 1, transgenic mouse injected with FlV(Cre) 

15 compared to (B) a control mouse (litteimate Coll-ILlp^ 7 transgenic mouse) injected 
with FIV(gfp). This revealed the formation of multiple fibrillations. Also, there is 
appreciable cartilage erosion and loss of the resting chondrocyte layer in experimental 
Coll-ILl P** 7 mice accompanied by remodeling of subchondral bone. (C) IL-6 
expression, a marker of joint inflammation, was found upregulated by . 

20 immunohistochemistry in experimental Coll-ILl p 5 ^ 7 mice compared to (D) controls. 
(40X). 

48. Figure 44 shows Coll-ILlp 5 ^ 7 gene activation in the TMJ of transgenic 
mice by FTV(Cre) injection. Immunofluorescent detection of the reporter gene P~ 
galactosidase was employed to confirm the activation of the ILip** 7 transgene in the 

25 TMJ by FlV(Cre) in this mouse model. (A) FTTC-conjugated detection of P- 

galactosidase, (B) Texas Red-conjugated detection of Cre, and (C) B/W image of the 
same microscopic field. (D) Overlap of panels A+B, and (E) overlap of panels A+B+C 
demonstrating co-expression of p-galactosidase and Cre recombinase in vivo. Note that 
there are more red cells than green cells indicating that not all infected cells express the 

30 transgene Coll Al->ILip-IRES-lacZ in the same capacity. (100X). 
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49. Figure 45 shows long term expression of human IHP protein in the TMJ of 
activated Coll-ILlp^ 7 mice, Immunohistochemical analysis of TMJ sections harvested 
from adult Coll-ILip** 1 transgenic mice 8 weeks following intra-articular injections of 
(A) FIV(Cre) and (B) FIV(gfp). A commercially available antibody (Abeam cat. No. 

5 ab2105; Cambridge, MA) raised against recombinant human mature IL-ip that does not 
cross-react with the murine or rat cytokine was used (black staining), c-condyle; i-intra 
articular space; d-articular disc. 

50. Figure 46whos COLl-BLip** 1 activation in the TMJ induces the expression 
of inflammatory mediators. Eight weeks following FIV(Cre) injection in the TMJ of 

10 Coll-ILip™ 7 transgenic mice, the TMJ's of (A-C-E) control (T&4-gfp) and (B-D-F) 
experimental (Tg+Cre) were harvested and evaluated by immunocytochemistry using 
antibodies against murine EL-6, COX-2 and MMP-9. A total of 20 COLl-ILlp XAT 
transgenic mice and 16 wild type littermates were employed in this experiment. (A3) 
Induction of IL-6 was observed in the proliferative zone of the articular surface, as well 

15 as (C-D) increased COX-2 expression (red staining). Moreover, MMP-9 (gelatinase B) 
was also found increased in the experimental mice compared to controls (E-F) as 
assessed by immunohistochemistry (red stain - hematoxylin nuclear counter stain). 
Induction of E^6, COX-2 and MMP-9 indicated the presence of inflammation in the 
TMJ of adult activated transgenic mice (40X). 

20 51. Figure 47 shows arthritic changes in the TMJ. (A) The number of cells 

staining positive for COX-2, IL-6 and MMP-9 were counted in TMJ 
immunohistochemistry sections. A total of 20 Coll-ILip XAT transgenic mice and 16 . 
wild type littermates were employed in this experiment Experimental mice (Tg+Cre) 
showed higher numbers of immunoreactive cells than controls (Tg+gfp) at a statistically 

25 significant degree. (B) In addition, COX-2 and iNOS transcript levels were increased in 
the experimental group compared to controls as assessed by quantitative RT-PCR in 
TMJ total RNA extracts. (C) Cartilage loss at the articular surface of the joints was 
scored on a scale 0 - 5. (D) Chondrocyte cloning in the articular cartilage was assessed 
in experimental and control mice. N=5; **p<0.01; */K°- 05 Mean+/-S.D. 
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52. Figure 48 shows Coll-ILip** 1 activation in the adult TMJ results in 
orofacial pain and joint dysfunction. (A) Pain was evaluated by assessing orofacial 
grooming in adult transgenic mice after a period of 8 weeks following transgene 
activation. Transgene activation by FTV(Cre) (N=6) intra-articular injections in the TMJ 

5 resulted in increased levels of grooming behavior compared to FIV(gfp)- (iV=5) or 
saline-injected (N=4) Coll-ILlp™ 1 transgenic mice. (B) Joint dysfunction was 
evaluated by assessing resistance to jaw opening. FTV(Cre) injected transgenic mice 
demonstrated significantly decreased levels of resistance to vertical mandibular 
displacement. (C) CGRP expression in the trigeminal ganglia of experimental and 

10 control mice was calculated as total immunoreactivity in 4x fields and presented as 
relative % ratio. (D) RCP expression was assessed by immunohistochemistry in brain 
stem sections and calculated as total immunoreactivity in 20x fields. (E) Representative 
section (40x) of a trigeminal ganglion of a Coll-ILlp XAT transgenic mouse injected 
with FlV(Cre) stained for CGRP. (F) Representative section (40x) of RCP (receptor 

15 complimentary protein, inducible component of the CGRP receptor previously 

associated with inflammatory pain) immunostaining in the principal trigeminal nucleus 
of a Coll-ILip** 1 * transgenic mouse injected with FlV(Cre). *p<0.05. Bar=l 00p.m. 

53. Figure 49 shows murine IL-ip is induced in the brain stein of mice suffering 
from chronic TMJ arthritis. The level of murine IL-1 P was analyzed at the protein level 

20 in the brain stem of Coll-ILl p** 7 transgenic mice suffering from chronic TMJ arthritis. 
In brief, transgene expression was induced by FlV(Cre) intra-articular injection in the 
TMJ of adult transgenic mice. Eight weeks following viral transduction, the level of 
murine IL-ip expression was found significantly increased at the level of the main 
sensory nuclear of their brain stem compared to FIV(gfp)-injected (control) mice. 

25 54. Figure 50 shows astrocyte activation in the brain stem of Coll-ILl P** 7 mice 

exhibiting TMJ arthritis and pain. Astrocyte activation, as assessed by GFAP IHC, was 
observed in the brain stem of Coll-ILl p** 7 transgenic mice 8 weeks following the 
induction of TMJ arthritis. Specifically, the activated astrocytes were located 
proximally to the IL-ip induction at the main sensory nucleus of mice suffering from 

30 TMJ arthritis and orofacial pain. (A) Base-line GFAP staining in control mouse 
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(Tg+gfp)- (B) Increased GFAP expression was observed in experimental mice 
(Tg+Cre). (C) Higher magnification of panel B. 

55. Figure 51 whos H^ip injection into the cisterna magna induces neuronal 
excitation and astrocyte activation. Recombinant EL-ip was injected into the cisterna 

5 magna of adult mice (1 Ong in 2 ^1 of aqueous solution). Neuronal excitation was 
evaluated by CGRP and astrocyte activation by GFAP IHC. (A) The saline-injected 
mouse is characterized by lack of CGRP expression at the main sensory nucleus. 
Conversely, (B) the ILip-injected mice displayed pronounced CGRP immunoreactivity 
at the level of the main sensory nucleus. Furthermore, activation of astrocytes by GFAP 

10 upregulation was observed at the same brain stem level. GFAP immunohistochemistry 
in (C) control and (D) experimental mice. 

56. Figure 52 shows FTV(BLlra) successfully transduces cells with a gene 
expressing IL-lra receptor antagonist. FIV(ILlra) was constructed as depicted in panel 
A and confirmed by restriction enzyme analysis depicted in panel B. FIV(ILlra) was 

1 5 then tested in vitro; ILlra expression was evaluated in murine NIH 3T3 cells infected 
with this virus at the mRNA and protein levels. (C) RT-PCR analysis of infected cells 
demonstrated the expression of ILlra mRNA. In contrast, naive cells did not display 
any ILlra expression. The housekeeping gene G3PDH was also employed. (D) ILlra 
protein level in the media of injected cells was assessed by ELISA. Infection of cells by 

20 FIV(ILlra) resulted in therapeutic DLlra levels (>30 *ig/mL). In contrast, FIV(g§>) and 
naive cells did not express ILlra. 

VI. DETAILED DESCRIPTION 

57. Before the present compounds, compositions, articles, devices, and/or 
methods are disclosed and described, it is to be understood that they are not limited to 

25 specific synthetic methods or specific recombinant biotechnology methods unless 

otherwise specified, or to particular reagents unless otherwise specified, as such may, of 
course, vary. It is also to be understood that the terminology used herein is for the 
purpose of describing particular embodiments only and is not intended to be limiting. 
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A. Definitions 

58. As used in the specification and the appended claims, the singular forms "a," 
"an" and "the" include plural referents unless the context clearly dictates otherwise. 
Thus, for example, reference to "a pharmaceutical carrier" includes mixtures of two or 

5 more such carriers, and the like. 

59. Ranges can be expressed herein as from "about" one particular value, and/or 
to "about" another particular value. When such a range is expressed, another 
embodiment includes from the one particular value and/or to the other particular value. 
Similarly, when values are expressed as approximations, by use of the antecedent 

10 "about," it will be understood that the particular value forms another embodiment. It 
will be further understood that the endpoints of each of the ranges are significant both 
in relation to the other endpoint, and independently of the other endpoint. It is also 
understood that there are a number of values disclosed herein, and that each value is 
also herein disclosed as "about" that particular value in addition to the value itself. For 

15 example, if the value "10" is disclosed, then "about 10" is also disclosed. It is also 

understood that when a value is disclosed that "less than or equal to" the value, "greater 
than or equal to the value" and possible ranges between values are also disclosed, as 
appropriately understood by the skilled artisan. For example, if the value "10" is 
disclosed the "less than or equal to 10"as well as "greater than or equal to 10" is also 

20 disclosed. It is also understood that the throughout the application, data is provided in a 
number of different formats, and that this data, represents endpoints and starting points, 
and ranges for any combination of the data points. For example, if a particular data 
point "10" and a particular data point 15 are disclosed, it is understood that greater than, 
greater than or equal to, less than, less than or equal to, and equal to 10 and 15 are 

25 considered disclosed as well as between 1 0 and 1 5 . 

60. In this specification and in the claims which follow, reference will be made 
to a number of terms which shall be defined to have the following meanings: 

61. "Optional" or "optionally" means that the subsequently described event or 
circumstance may or may not occur, and that the description includes instances where 

30 said event or circumstance occurs and instances where it does not. 
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62. "Primers" are a subset of probes which are capable of supporting some type 
of enzymatic manipulation and which can hybridize with a target nucleic acid such that 
the enzymatic manipulation can occur. A primer can be made from any combination of 
nucleotides or nucleotide derivatives or analogs available in the art which do not 

5 interfere with the enzymatic manipulation. 

63. "Probes" are molecules capable of interacting with a target nucleic acid, 
typically in a sequence specific manner, for example through hybridization. The 
hybridization of nucleic acids is well understood in the art and discussed herein. 
Typically a probe can be made from any combination of nucleotides or nucleotide 

10 derivatives or analogs available in the art. 

64. Throughout this application, various publications are referenced. The 
disclosures of these publications in their entireties are hereby incorporated by reference 
into this application in order to more fully describe the state of the art to which this 
pertains. The references disclosed are also individually and specifically incorporated by 

15 reference herein for the material contained in them that is discussed in the sentence in 
which the reference is relied upon. 

65. Disclosed are the components to be used to prepare the disclosed 
compositions as well as the compositions themselves to be used within the methods 
disclosed herein. These and other materials are disclosed herein, and it is understood 

20 that when combinations, subsets, interactions, groups, etc. of these materials are 
disclosed that while specific reference of each various individual and collective 
combinations and permutation of these compounds may not be explicitly disclosed, 
each is specifically contemplated and described herein. For example, if a particular 
vector is disclosed and discussed and a number of modifications that can be made to a 

25 number of molecules including the promoters are discussed, specifically contemplated 
is each and every combination and permutation of vectors and promoters and the 
modifications that are possible unless specifically indicated to the contrary. Thus, if a 
class of molecules A, B, and C are disclosed as well as a class of molecules D, E, and F 
and an example of a combination molecule, A-D is disclosed, then even if each is not 

30 individually recited each is individually and collectively contemplated meaning 
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combinations, A-E, A-F, B-D, B-E, B-F, C-D, C-E, and C-F are considered disclosed 
Likewise, any subset or combination of these is also disclosed. Thus, for example, the 
sub-group of A-E, B-F, and C-E would be considered disclosed. This concept applies 
to all aspects of this application including, but not limited to, steps in methods of 
5 making and using the disclosed compositions. Thus, if there are a variety of additional 
steps that can be performed it is understood that each of these additional steps can be 
performed with any specific embodiment or combination of embodiments of the 
disclosed methods. 

B. Compositions 

10 66. Provided herein are compositions and methods for the temporally and 

spatially-regulated transgene expression of inflammation related molecules, such as IL- 
1 p or its antagonists. An inflammation related molecule is a molecule that is involved 
in an inflammation signal transduction pathway. Inflammation related molecules in 
these pathways can promote or inhibit inflammation. The provided Cre/loxP molecular 

15 genetic methods utilize a germline-transmitted recombinational substrate containing a 
dormant transcription unit and somatic gene transfer of a viral vector that expresses Cre 
recombinase to activate the gene of interest Gene activation is accomplished by a 
recombinant self-inactivating vector expressing Cre. Recombination-mediated gene 
"activation" permanently alters the genetic constitution of infected cells thus allowing 

20 chronic IL-ip expression. 

67. Provided herein are compositions and methods for the generation of animal 
models of inflammatory disease. The animal models provided herein comprise 
temporally- and/or spatially-regulated transgenic expression of inflammatory mediators. 
It is understood that the compositions and methods provided herein can be applied to 

25 any mediator of inflammation. Examples of inflammatory mediators include COX, such 
as COX-2, IL-1, such as EL-ip, H^lra. 

68. Disclosed are methods and compositions related to vectors, cells, transgenic 
animals, and methods thereof that provide a model(s) to explore inflammation, such as 
the contribution of IL-1 to neurodegenerative disorders and other neurological 

30 conditions such as stroke and traumatic brain injury as well as joint disorders, such as 
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arthritis. Provided are transgenic mice that harbor transcriptionally silent transgenes for 
IL-1 p and its native antagonist, IL-lra, where the transgenes can be turned on in a cell 
specific or temporally specific manner. Further provided are viral vectors expressing 
ere recombinase, wherein sustained expression of the transgenes can be initiated at a 
5 selected age and in a specific region of brain. Further provided are methods to 

conditionally and regionally secrete IL-lp or IL-lra within specific tissues, allowing 
studies of chronic elevation of these cytokines without confounding issues of 
compensatory changes during development. 

69. A particular advantage of the provided compositions and methods is the 
10 herein described ability to activate the herein described transgenes in the brain by 

means of peripheral administration. For example, FIV vectors are disclosed herein that 
can deliver the herein disclosed nucleic acids (e.g Cre Recombinase) to target sites 
within the subject. The disclosed FIV constructs can be delivered systemically by 
injection into the circulation or locally by injection into the target site, such that either 

15 method of administration can result in the delivery of the nucleic acid to cells in the 
brain, such as, for example, microglia or astrocytes. The use of FTV vectors to deliver 
nucleic acids or transgenes to the brain following systemic administration is described 
in Patent Cooperation Treaty Application No.PCT/US03/13672 and U.S. Provisional 
Patent Application No. 10/781 ,142, which are herein incorporated by reference in their 

20 entirety as they related to this teaching. 

1. Joint disorders and IL-lp 

70. Inflammatory mediators, including pro-inflammatory cytokines and 
prostanoids, such as interleukin-lp (IL-ip) and prostaglandin Ez (PGE2), have also 
been implicated in temporomandibular joint disorders (TMJD) pathology in humans. 

25 Clinically, orofacial pain is frequently associated with disturbances in somatosensory 
and jaw motor function, such as pain during mastication. Of concern is the possibility 
that tissue injury caused by trauma, disc displacement, mechanical stress, infection or 
iatrogenic procedures results in chronic expression of pro-inflammatory cytokines in the 
temporomandibular joint that ultimately can lead to arthritis, hyperalgesia and tissue 

30 degeneration. 
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a) Arthritis 

71. Arthritis as a disease can include many different disorders and symptoms 
and can affect many parts of the body. Arthritis typically causes pain, loss of 
movement and sometimes swelling. 

5 72. Arthritis is actually a term used for a set of more than 100 medical 

conditions. Arhritis is most commonly associated with older individuals, but can start 
as early as infancy. Some forms affect people in their young-adult years. 

73. A common aspect among arthritic conditions is that they affect the 
musculoskeletal system and specifically the joints - where two or more bone meet. 

10 Arthritis-related joint problems can include pain, stiffiiess, inflammation and damage to 
joint cartilage (the tough, smooth tissue that covers the ends of the bones, enabling 
them to glide against one another) and surrounding structures. Such damage can lead to 
joint weakness, instability and visible deformities that, depending on the location of 
joint involvement 

15 74. Many of the arthritic conditions are systemic, in that they affect the whole 

body. In these diseases, arthritis can cause damage to virtually any bodily organ or 
system, including the heart, lungs, kidneys, blood vessels and skin. 

75. Some different types of arthritis are Osteoarthritis, Rheumatoid arthritis, 
Gout, Ankylosing spondylitis, Juvenile arthritis, Systemic lupus erythematosus (lupus), 

20 Scleroderma, and Fibromyalgia. 

76. Osteoarthritis is a degenerative joint disease in which the cartilage that 
covers the ends of bones in the joint deteriorates, causing pain and loss of movement as 
bone begins to rub against bone. It is the most prevalent form of arthritis. 

77. Rheumatoid arthritis is an autoimmune disease in which the joint lining 

25 becomes inflamed as part of the body's immune system activity. Rheumatoid arthritis is 
one of the most serious and disabling types, affecting mostly women. 

78. Gout affects mostly men. It is usually the result of a defect in body 
chemistry. This painful condition most often attacks small joints, especially the big toe. 
Fortunately, gout almost always can be completely controlled with medication and 

30 changes in diet 
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79. Ankylosing spondylitis is a type of arthritis that affects the spine. As a result 
of inflammation, the bones of the spine grow together. 

80. Juvenile arthritis is a general term for all types of arthritis that occur in 
children. Children may develop juvenile rheumatoid arthritis or childhood forms of 

5 lupus, ankylosing spondylitis or other types of arthritis. 

81. Systemic lupus erythematosus (lupus) is a disorder that can inflame and 
damage joints and other connective tissues throughout the body. 

82. Scleroderma is a disease of the body's connective tissue that causes a 
thickening and hardening of the skin. 

10 83 . Fibromyalgia is a disorder in which widespread pain affects the muscles and 

attachments to the bone. It affects mostly women. 

2. NeuroinflammationandIL-ip 

84. Neuroinflammation, characterized by activated microglia and astrocytes and 
local expression of a wide range of inflammatory mediators, is a fundamental reaction 

15 to brain injury, whether by trauma, stroke, infection, or neurodegeneration. This local 
tissue response is surely part of a repair and restorative process. Yet, like many 
inflammatory conditions in peripheral diseases, neuroinflammation can contribute to 
the pathophysiology of CNS disorders. For example, in Alzheimer's disease (AD), 
glial-driven inflammatory responses to Ap deposition are thought to promote 

20 neurodegeneration, as evidenced by the extent of neuroinflammation in AD, increased 
risk for AD with certain polymorphisms of proinflammatory cytokine genes, and 
reduction in disease risk for individuals taking nonsteroidal anti-inflammatory drugs 
(NSAJDs). 

85. Likewise, inflammatory processes are thought to be involved in various 
25 arthritic conditions of the joints, such as osteoarthritis. 

86. IL-1 is a potent immunomodulating cytokine that exists as two principal 
isofoims, IL-loc and IL-1 p. These two molecules show significant divergence in 
sequence and have somewhat different roles with IL-1 a generally thought to be 
involved in direct cell:cell communication whereas IL-1 P is secreted. Nevertheless, 

30 these two molecules act through the same membrane-associated receptor known as IL-1 
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receptor type 1 (DL-1R1) to promote a proinflammatory signaling cascade that includes 
the activation of NFkB and MAP kinases [Rothwell, N.J. and G.N. Luheshi. Trends 
Neurosci. (2000) 23:618-625]. Interestingly, at least two molecules have been 
identified that antagonize the effects of IL-1: IL-1 receptor antagonist (EL-lra) competes 

5 for receptor binding, and IL-1 receptor type 2 (IL-1R2) lacks an intracellular domain 
and is thought to serve as a decoy receptor [Rothwell, N J. and G.N. Luheshi. Trends 
Neurosci. (2000) 23:618-625]. Expression of each of these molecules is regulated. 
Thus, the contribution of IL-1 to an inflammatory response depends on the relative 
balance of expression between these family members [Arend, W.P. Cytokine & Growth 

10 Factor Rev. (2002) 13:323-340]. 

87. Although both isoforms of IL-1 are made in brain, most work has focused 
on the role of IL-1 p. Principally produced by microglia, IL-1 P is rapidly induced 
following CNS injury. IL-ip affects many cellular targets, including astrocytes, 
neurons, and endothelial cells. In these cells, IL-1 up-regulates cytokines and 

15 chemokines, induces the expression of cell surface adhesion molecules and matrix 
metalloproteases, and stimulates cell proliferation [St Pierre, B.A., et al Effects of 
cytokines on CNS cells: glia, in: (Ed.) Ransohoff, R.M., E.N. Beveniste, Cytokines and 
the CNS, CRC Press, Boca Raton, (1996) pp. 151-168]. Moreover, it has been 
demonstrated that IL-ip induces cyclooxygenase-2 (COX-2) in brain astrocytes, leading 

20 to production of the proinflammatory prostaglandin PGE2 [CWBanion, M.K., et al 
Neurochem. (1996) 66:2532-2540]. Taken together, the myriad effects of IL-1 on 
multiple brain cell types suggest a critical role for BL-1 family members in coordinating 
brain neuroinflammatory responses. 

88. The profound influence of IL-1 on neuroinflammation and its ubiquitous 
25 expression in conditions ranging from frank brain trauma to neurodegenerative disease 

suggests that it might contribute to CNS injury [Rothwell, NJ. and G.N. Luheshi. 
Trends Neurosci. (2000) 23:618-625]. This appears to be the case. For example, IL-ip 
is induced in experimental models of stroke [Minami, M., K. et al J. Neurochem. 
(1992) 58:390-392] and infusion of IL-lp exacerbates damage whereas treatment with 
30 IL-lra or BL^l blocking antibodies significantly attenuates tissue injury [Loddick, S.A. 
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and NJ. Rothwell. J. Cereb. Blood Flow Metab. (1996) 16:932-940 and Yamasaki, Y„ 
N. Matsuura, H. Shozuhara, H. Onodera, Y. Itoyama and K. Kogure. Stroke (1995) 
26:676-681]. Similarly, ischemic injury is significantly attenuated in interleukin-1 
converting enzyme deficient mice [Friedlander, R.M., et al J. Exp. Med. (1997) 

5 185:933-940]. As another example, GFAP directed expression of a human IL-lra 
transgene attenuates edema, cytokine production and neurological deficits in a murine 
model of closed head injury [Tehranian, K, S. et al J. Neurotrauma (2002) 19:939- 
951]. Finally, studies of penetrating brain injury in mice lacking the type 1 IL-1 
receptor showed dramatic attenuation in microglial activation, leukocyte infiltration, 

10 and astrocyte activation [Basu, A., et al J. Neurosci. (2002) 22:6071-6082]. 

Expression of numerous inflammatory mediators, including vascular cell adhesion 
molecule-1, several cytokines, and COX-2 was also greatly reduced in the IL-1R1 
knockout mice, indicating that the II^l signaling pathway is essential for glial 
activation and the neuroinflammatory response. However, short-term infusion and 

15 viral delivery systems do not provide chronic stimuli and the genetic knockout systems 
are complicated by potential compensatory changes during development. 
3. Nucleic acids related to inflammation 

89. Disclosed are a variety of nucleic acids which are related to inflammation. 
The nucleic acids can be used to produce transgenic cells or animals, for example, and 

20 they can be used in cell systems which are designed to produce or analyze the nucleic 
acids. 

90. Id certain embodiments the nucleic acids typically comprise a number of 
elements. Each of these elements is discussed below, and it is understood that at a 
fundamental level the elements can be defined functionally by what they do in 

25 combination with known or understood function for that type of element. 

91. The disclosed nucleic acids can comprise an inactivating element, such as a 
stop sequence, which often can be flanked by recombination sites, such as flox sites, a 
positive transcription regulator sequence, such as a promoter and/or enhancer, a signal 
sequence, such as a sequence for trafficking of a the protein product(s) expressed from 

30 the nucleic acid, an inflammation element, which is typically an element encoding an 
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inflammation sequence, a marker sequence, such as lacZ, typically an Intra Ribosome 
Expression Sequence (IRES), if multiple proteins will be expressed from the same 
construct, and a poly A tail. Alternatively, delivery of a ssIL-lp-IRES-gfp gene can be 
delivered to the site of choice using a viral vector, such as the feline immunodeficiency 
5 virus vector system, adeno-associated viral system, etc. These elements are discussed 
herein. An example of a nucleic acid comprising these elements is shown in SEQ ID 
NO:70. 

a) Inactivating Cassette 

92. The inactivating cassette is a sequence which can prevent the transcription 
10 of one or more gene sequences contained within the nucleic acid. The inactivating 

cassette often can comprise a stop sequence, or transcriptional termination sequence, 
such as the open reading frame of a drug resistance gene that can be used as a selection 
marker, typically followed by the poly A tail sequence. In one example, it is a 
neomycin gene driven by the PGK promoter, followed by the bovine poly A tail, and 
15 this can be flanked by recombination sites, such as loxP sites (See SEQ ID NO:34). 

93. As discussed herein, the inactivating cassette is often flanked by 
recombination sequences, such that in the presence of a cognate recombinase, the 
inactivating cassette is excised from the inflammation nucleic acid. Recombination 
sequences and their use are discussed herein. 

20 b) Positive transcription regulator cassette 

94. A positive transcription regulator cassette is a cassette that is typically 
operably linked to the inflammatory cytokine or other proteins to be expressed, and 
which causes transcription of the operably linked sequence at either a basal, 
background, level or typically at a level above basal transcription levels. The positive 

25 transcription regulator often is a promoter or an enhancer, can be constitutively active, 
such as a CMV promoter, or conditionally active, such as a neural specific promoter, 
such as a neuronal enolase promoter (NSE) or a collagen or bone specific promoter, 
such as the COLLI Al promoter (Example, SEQ ID NO:29 )and the COLL2A1 
(Example, SEQ ID NO:30), or astrocyte specific promoter, such as the glian fibrillary 

30 acidic protein promoter (GFAP). 
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(1) Promoter 

95. The nucleic acids that are delivered to cells typically contain expression 
controlling systems, such as positive transcription regulators. However, the specific 
regulatory nucleotide sequence can be any sequence. For example, the inserted genes in 

5 viral and retroviral systems usually contain promoters, and/or enhancers to help control 
the expression of the desired gene product. A promoter is generally a sequence or 
sequences of DNA that function when in a relatively fixed location in regard to the 
transcription start site. A promoter contains core elements required for basic interaction 
of RNA polymerase and transcription factors, and may contain upstream elements and 

10 response elements. 

96. Thus, the regulatory nucleotide sequence can comprise a promoter. 
Preferred promoters controlling transcription from vectors in mammalian host cells may 
be obtained from various sources, for example, the genomes of viruses such as: 
polyoma, Simian Virus 40 (SV40), adenovirus, retroviruses, hepatitis-B virus and most 

15 preferably cytomegalovirus a CMV promoter, or from heterologous mammalian 

promoters, e.g. beta actin promoter. The early and late promoters of the SV40 virus are 
conveniently obtained as an SV40 restriction fragment which also contains the SV40 
viral origin of replication (Fiers et al. y Nature, 273: 1 13 (1978)). The immediate early 
promoter of the human cytomegalovirus is conveniently obtained as a HindHI E 

20 restriction fragment (Greenway, PJ. et al 9 Gene 18: 355-360 (1982)). Of course, 
promoters from the host cell or related species also are useful herein. 

97. Enhancer generally refers to a sequence of DNA that functions at no fixed 
distance from the transcription start site and can be either 5 % (Laimins, L. et al y Proc. 
Natl. Acad. Sci. 78: 993 (1981)) or 3' (Lusky,Mi., efa/.,Mol. Cell Bio. 3: 1108 

25 (1983)) to the transcription unit. Furthermore, enhancers can be within an intron 

(Banerji, J.L. et aU Cell 33: 729 (1983)) as well as within the coding sequence itself 
(Osborne, 7JF. y et al, Mol. Cell Bio. 4: 1293(1984)). They are usually between 10 
and 300 bp in length, and they function in cis. Enhancers function to increase 
transcription from nearby promoters. Enhancers also often contain response elements 

30 that mediate the regulation of transcription. Promoters can also contain response 
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elements that mediate the regulation of transcription. Enhancers often determine the 
regulation of expression of a gene. While many enhancer sequences are now known 
from mammalian genes (globin, elastase, albumin, oc-fetopiotein and insulin), typically 
one will use an enhancer from a eukaryotic cell virus for general expression. Preferred 
5 examples are the SV40 enhancer on the late side of the replication origin (bp 1 00-270), 
the cytomegalovirus early promoter enhancer, the polyoma enhancer on the late side of 
the replication origin, and adenovirus enhancers. 

98. The promotor and/or enhancer may be specifically activated either by light 
or specific chemical events which trigger their function. Systems can be regulated by 

10 reagents such as tetracycline and dexamethasone. There are also ways to enhance viral 
vector gene expression by exposure to irradiation, such as gamma irradiation, or 
alkylating chemotherapy drugs. 

99. In certain embodiments the promoter and/or enhancer region can act as a 
constitutive promoter and/or enhancer to maximize expression of the region of the 

15 transcription unit to be transcribed. In certain constructs the promoter and/or enhancer 
region be active in all eukaryotic cell types, even if it is only expressed in a particular 
type of cell at a particular time. A preferred promoter of this type is the CMV promoter 
(650 bases, for example). Other preferred promoters are SV40 promoters, 
cytomegalovirus (full length promoter), and retroviral vector LTF. In one aspect, the 

20 promoter of the provided composition is CMV (Example SEQ ID NO:26). 

100. Various CMV and beta actin promoters are set forth in SEQ ID NOs:26- 
27, 49-69. Other human cytomegalovirus promoter regions can be found in accession 
numbers M64940, Human cytomegalovirus IE-1 promoter region, M64944 Human 
cytomegalovirus IE-1 promoter region, M64943 Human cytomegalovirus IE-1 promoter 

25 region, M64942 Human cytomegalovirus IE-1 promoter region, M64941 Human 
cytomegalovirus IE-1 promoter region (All of which are herein incorporated by 
reference at least for their sequence and information). 

101. The promoter of the provided composition can be a cell-selective 
promoter. It has been shown that all specific regulatory elements can be cloned and 

30 used to construct expression vectors that are selectively expressed in specific cell types 



— 27— 



WO 2006/053343 



PCT/US2005/042058 



such as melanoma cells. The specific promoter used will therefore depend on the 
desired cell type to he targeted. For example, the glial fibrillary acetic protein (GFAP) 
promoter has been used to selectively express genes in cells of glial origin. The 
COLLI Al promoter (Example SEQ ID NO:29) can be used to selectively express 

5 genes in chondrocytes, osteocytes, and fibroblasts, which can be found in joints. It is 
understood that all known and compatible selective promoters are considered in the 
provided composition. In one aspect, the promoter of the provided composition is 
GFAP (Example SEQ ID NO:28). In another aspect, the promoter is COLLI A2 
promoter (Example SEQ ID NO:30). 

10 c) Signal Sequence 

102. In the provided composition, the nucleic acid can further comprises a 
nucleic acid encoding a peptide signal sequence (SS), such as a secretion signal 
sequence. In one aspect, the peptide secretion signal is derived from the IL-1 receptor 
antagonist (IL-lra) gene. (Example SEQ ID NO:32). 

15 d) Recombination sequence 

103 . Provided herein are compositions and methods utilizing recombinase 
technology, such as Cre recombinase or Flp recombinase, wherein the composition 
comprises a recombination site, such as a loxP-flanked "floxed" nucleic acid sequence, 
for Cre recombinase. The properties and characteristics of Cre recombinase and flox 

20 sites are are exemplary of recombinases and recombination sites. 

(1) LoxP 

104. U.S. Patent No. 4,959,3 17 and U.S. Patent No. 5,434,066 are 
incorporated herein by reference for their teaching of the use of Cre recombinase in the 
site-specific recombination of DNA in eukaryotic cells. The term "Cre" recombinase, as 

25 used herein, refers to a protein having an activity that is substantially similar to the site- 
specific recombinase activity of the Cre protein of bacteriophage PI (Hamilton, D. L., 
et al., J. Mol. Biol. 178:481-486 (1984), herein incorporated by reference for its 
teaching of Cre recombinase). The Cre protein of bacteriophage PI mediates site- 
specific recombination between specialized sequences, known as "loxP" sequences. 

30 Hoess, R., et al., Proc. Natl Acad. ScL USA 79:3398- 3402 (1982) and Sauer, B.L., 
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U.S. Pat. No. 4,959,3 17 are herein incorporated by reference for their teaching of the 
lox sequences. The loxP site has been shown to consist of a double-stranded 34 bp 
sequence (SEQ ID NOS: 46 and 47): 

SEQ ID NO:46 5' ATAACTTCGTATAATGTATGCTATACGAAGTTAT 3' 
5 SEQ ID NO:47 5' ATAACTTCGTATAGCATACATTATACGAAGTTAT 3' 

105. This sequence contains two 13 bp inverted repeat sequences which are 
separated from one another by an 8 bp spacer region. Other suitable lox sites include 
LoxB, LoxL and LoxR sites which are nucleotide sequences isolated from E. coli. 
These sequences are disclosed and described by Hoess et al., Proc. Natl Acad Sci. 

10 USA 79:3398- 3402 (1982), herein incorporated by reference for the teaching of lox 
sites. Lox sites can also be produced by a variety of synthetic techniques which are 
known in the art. For example, synthetic techniques for producing lox sites are 
disclosed by Ito et al., Nuc. Acid Res., 10:1755 (1982) and Ogilvie et al., Science 
214:270 (1981), the disclosures of which are incorporated herein by reference for their 

1 5 teaching of these synthetic techniques. 

106. The Cre protein mediates recombination between two loxP sequences 
(Sternberg, N, et al., Cold Spring Harbor Symp. Quant. Biol. 45:297-309 (1981)). 
These sequences may be present on the same DNA molecule, or they may be present on 
different molecules. Because the internal spacer sequence of the loxP site is 

20 asymmetrical, two loxP sites can exhibit directionality relative to one another (Hoess, 
R.H., et al., Proc. Natl. Acad, Sci. 81:1026-1029 (1984)). Thus, when two sites on the 
same DNA molecule are in a directly repeated orientation, Cre will excise the DNA 
between the sites (Abremski, K., et al., Cell 32:1301- 1311 (1983)). However, if the 
sites are inverted with respect to each other, the DNA between them is not excised after 

25 recombination but is simply inverted. Thus, a circular DNA molecule having two loxP 
sites in direct orientation will recombine to produce two smaller circles, whereas 
circular molecules having two loxP sites in an inverted orientation simply invert the 
DNA sequence flanked by the loxP sites. 
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e) Inflammation element 

107. One element of the disclosed nucleic acids is the inflammation element. 
The inflammation element comprises sequence which encodes a protein that affects 
inflammation, a mediator or inflammation, such as COX, such as COX-2, H^l, such as 

5 IL-1 p, or IL-lra. It is understood that these variants of these proteins having activities 
of at least 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, or 95% are disclosed and can 
also be used. 

(l)EL-l/ IL-lra 

108. In one aspect, the inflammation element includes interleukin-1 (IL-1). 
10 IL-1 is a potent immunomodulating cytokine that exists as two principal isoforms, IL- 

la and IL-lp. These two molecules show significant divergence in sequence and have 
somewhat different roles with Il^la generally thought to be involved in direct cellxell 
communication, whereas IL-ip is secreted. Nevertheless, these two molecules act 
through the same membrane-associated receptor known as IL-1 receptor type 1 (JLr 

15 1R1) to promote a proinflammatory signaling cascade that includes the activation of 
NFkB and MAP kinases [Rothwell, N.J. and G.N. Luheshi. Trends NeuroscL (2000) 
23:61 8-625]. At least two molecules have been identified that antagonize the effects of 
IL-1. IL-1 receptor antagonist (IL-lra) competes for receptor binding, and IL-1 receptor 
type 2 (IL-1R2), which lacks an intracellular domain, is thought to serve as a decoy 

20 receptor [Rothwell, N.J. and G.N. Luheshi. Trends Neurosci. (2000) 23 :6 1 8-625] . 
Expression of each of these molecules is regulated. The contribution of IL-1 to an 
inflammatory response therefore depends on the relative balance of expression between 
these family members [Arend, W.P. Cytokine & Growth Factor Rev. (2002) 13:323- 
340]. In one example, the mature form of fl^ip is attached to the secretion signal from 

25 IL-ra which is the same sequence as the secretion signal sequence of IL-1 p. Thus, the 
nucleic acid of the provided composition can encode human IL-ip (Examples SEQ ID 
NO:31and44). 

109. The mediator of inflammation provided herein can also be an IL-1 
antagonist Thus, in one aspect, the nucleic acid of the provided composition can 

30 encode IL-lra (Example SEQ ID NO: 32). 
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(2) cyclooxygenase COX 

110. In one aspect, the inflammation element includes the enzyme 
cyclooxygenase (COX). Cyclooxygenase is the principal target of non-steroidal anti- 
inflammatory drugs (NSAIDs), which are a mainstay of treatment for many 

5 inflammatory conditions. Cyclooxygenase catalyzes the first step in the conversion of 
arachidonic acid to prostanoids, a group of potent lipid mediators acting in diverse 
physiological processes. 

111. Cyclooxygenase is known to exist in two isoforms: COX-1 , which in 
many tissues appears to be constitutively expressed and responsible for homeostatic 

10 production of prostanoids, and COX-2, which is often referred to as the "inducible" 

isoform since its expression is rapidly modulated in response to diverse stimuli such as 
growth factors, cytokines, and hormones [O'Banion MK, et al. (1991). J Biol Chem 
266: 23261-7; O'Banion MK, et al. (1992). Proc Natl Acad Sci U.S.A. 89:4888-92]. 
The distinction between these two COX isoforms, the roles they play, and the actions of 

15 prostanoids have been previously reviewed [Vane JR, et al. (1998). Annu. Rev. 

Pharmocol. Toxicol. 38:97-120; Smith, WL, et al. (2000). Annu Rev Biochem 69:145- 
82]. Thus, the nucleic acid of the provided composition can encode COX-2 (Example 
SEQIDNO:33). 

f) IRES element 

20 112. The IRES element is an internal ribosomal entry sequence (integrated) 

which can be iosolated from the encephalomyocarditis crius (ECMV). This element 
allows multiple genes to be expressed and correctly translated when the genes are on 
the same construct IRES sequences are discussed in for example, United States Patent 
No: 4,937,190, which is herein incorporated by reference at least for material related to 

25 IRES sequences and their use. The IRES sequence can be obtained from a number of 
sources including commercial sources, such as the pKES expressing vector from 
Clonetech (Clontech, Palo Alto CA 94303-4230). The sequence of an IRES sequence is 
set forth in SEQ ID NO:48 (Example). 
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g) Markers 

113. In the provided composition, the nucleic acid can comprise a marker 
sequence. This marker product is used to determine if the gene has been delivered to the 
cell and once delivered is being expressed. The specific marker which is employed is 

5 typically not critical. In one aspect, the marker sequence comprises the E. Coli lacZ 
gene encoding p-galactosidase (/acZ). In another aspect, the marker sequence comprises 
nucleic acids encoding a fluorochrome. The fluorochrome can comprise, for example, 
green fluorescent protein (GFP). 

114. In some embodiments the marker may be a selectable marker. Examples 
10 of suitable selectable markers for mammalian cells are dihydrofolate reductase (DHFR), 

thymidine kinase, neomycin, neomycin analog G418, hydromycin, and puromycin. 
When such selectable markers are successfully transferred into a mammalian host cell, 
the transformed mammalian host cell can survive if placed under selective pressure. 
There are two widely used distinct categories of selective regimes. The first category is 

15 based on a cell's metabolism and the use of a mutant cell line which lacks the ability to 
grow independent of a supplemented media. Two examples are: CHO DHFR- cells 
and mouse LTK- cells. These cells lack the ability to grow without the addition of such 
nutrients as thymidine or hypoxanthine. Because these cells lack certain genes 
necessary for a complete nucleotide synthesis pathway, they cannot survive unless the 

20 missing nucleotides are provided in a supplemented media. An alternative to 

supplementing the media is to introduce an intact DHFR or TK gene into ceUs lacking 
the respective genes, thus altering their growth requirements. Individual cells which 
were not transformed with the DHFR or TK gene will not be capable of survival in 
non-supplemented media. 

25 115. The second category is dominant selection which refers to a selection 

scheme used in any cell type and does not require the use of a mutant cell line. These 
schemes typically use a drug to arrest growth of a host cell. Those cells which have a 
novel gene would express a protein conveying drug resistance and would survive the 
selection. Examples of such dominant selection use the drugs neomycin, (Southern P. 

30 and Berg, P., J. Molec. Appl. Genet. 1: 327 (1982)), mycophenolic acid, (Mulligan, 
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R.C. and Berg, P. Science 209: 1422 (1980)) or hygromycin, (Sugden, B. et al, MoL 
Cell. Biol 5: 410-413 (1985)). The three examples employ bacterial genes under 
eukaryotic control to convey resistance to the appropriate drug G418 or neomycin 
(geneticin), xgpt (mycophenolic acid) or hygromycin, respectively. Others include the 
5 neomycin analog G41 8 and puramycin and the green fluorescent protein. 

h) Poly A sequences 

1 16. Expression vectors used in eukaryotic host cells (yeast, fungi, insect, 
plant, animal, human or nucleated cells) may also contain sequences necessary for the 
termination of transcription which may affect mRNA expression. These regions are 

10 transcribed as polyadenylated segments in the untranslated portion of the mRNA 

encoding tissue factor protein. The 3' untranslated regions also include transcription 
termination sites. It is preferred that the transcription unit also contain a 
polyadenylation region. One benefit of this region is that it increases the likelihood that 
the transcribed unit will be processed and transported like mRNA. The identification 

15 and use of polyadenylation signals in expression constructs is well established. It is 
preferred that homologous polyadenylation signals be used in the transgene constructs. 
In certain transcription units, the polyadenylation region is derived from the SV40 early 
polyadenylation signal and consists of about 400 bases. It is also preferred that the 
transcribed units contain other standard sequences alone or in combination with the 

20 above sequences improve expression from, or stability of, the construct. One example 
of a poly A tail is the poly region of Bovine Growth Hormone 

i) Vectors 

1 17. Provided herein is a composition comprising a vector, wherein the 
vector comprises any of the nucleic acids provided herein. 

25 4. Nucleic acids related to Recombinases 

1 18. Sustained DL-lp expression by collagen 1-producing cells, including 
fibroblasts, chondrocyte and osteocytes, is expected to result in a mouse model of TMJ 
arthrosis and dysfunction. ILip** 7 regulation is controlled in a temporal (time) and 
spatial (location) fashion by the Cre/loxP molecular genetic method utilizing (1) a 

30 germline transmitted recombinational substrate (COLLl-ILip XAT ) containing a dormant 
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transcription unit and (2) somatic gene transfer of a viral vector that expresses Cre 
recombinase which "activates" the gene of interest. 

119. The somatic gene transfer of the recombinase, such as Cre can be 
performed using any type of vector system producing the recombinase. However, in 

5 certain embodiments, the vector system is a self inactivating vector system, wherein the 
promoter, for example, of the recombinase is flanked by recombination sites so that 
upon production of the recombinase, the recombinase will down regulate its own 
production. The delivery vectors for the recombinase can be CRE mediated. 

120. For example, activation of the dormant COLLI- ILip™ 1 can be 

10 mediated by the transfer of Cre recombinase to the area of interest (e.g. TMJ) via a self- 
inactivating Cre feline immunodeficiency virus FlV(Cre). The effects of this FTV vector 
system have been previously examined using the reporter gene lacZ (p-galactosidase) in 
mice that received intra-articular injections of a viral solution [Kyrkanides S, et al 
(2004). J Dental Res 83: 65-70], wherein transduction of soft (articular disc) and hard 

15 (cartilage) TMJ tissues was demonstrated. The FIV(Cre)vector has been constructed by 
cloning a loxP-flanked ("floxed") nlsCre cassette in the place of the lacZ gene; the 
nuclear localization signal (nls) was fused to the cre open reading frame by PCR and 
subsequently cloned into the TOPO 2.1 vector (hivitrogen) per manufacturer's 
instructions employing a custom-made floxed cloning cassette. The reason for 

20 developing a self-inactivating cre gene is based on a recent paper [Pfeifer A and 

Brandon EP, Kootstra Neeltje, Gage FH, Venna IM (2001). Proc Natl Acad Sci U.S.A. 
98: 1 1450-5], whereby the authors reported cytotoxicity due to prolonged expression of 
Cre recombinase mediated by infection using a lentiviral vector. In the provided 
construct, upon production of adequate levels of Cre recombinase to produce excisional 

25 activation of COLLI -IL1 P** 1 following successful transduction of target cells with 
FlV(Cre), Cre is anticipated to de-activate the cre gene by loxP-directed self excisional 
recombination. This strategy is anticipated to result in activation of COLLI- IL1 P™ 1 by 
FlV(Cre) avoiding any cytotoxic effects from Cre. Please see Figure 10. 
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5. Nucleic acids properties and primers and probes 

121. Provided herein is a composition comprising a nucleic acid sequence 
encoding an inflammatory mediator operably linked to a regulatory sequence via a 
loxP-flanked (floxed) inactivating cassette. 

5 122. There are a variety of molecules disclosed herein that are nucleic acid 

based, including for example the nucleic acids that encode, for example IL-10 
(Examples SEQ ID NO:31 and 44), or any of the nucleic acids disclosed herein for 
making the disclosed transgenics and models, or fragments thereof, as well as various 
functional nucleic acids. The disclosed nucleic acids are made up of, for example, 

10 nucleotides, nucleotide analogs, or nucleotide substitutes. Non-limiting examples of 
these and other molecules are discussed herein. It is understood that for example, when 
a vector is expressed in a cell, that the expressed mRNA will typically be made up of A, 
C, G, and U. Likewise, it is understood that if, for example, an antisense molecule is 
introduced into a cell or cell environment through for example exogenous delivery, it is 

15 advantagous that the antisense molecule be made up of nucleotide analogs that reduce 
the degradation of the antisense molecule in the cellular environment. 

a) Nucleotides and related molecules 

123. A nucleotide is a molecule that contains a base moiety, a sugar moiety 
and a phosphate moiety. Nucleotides can be linked together through their phosphate 

20 moieties and sugar moieties creating an internucleoside linkage. The base moiety of a 
nucleotide can be adenin-9-yl (A), cytosin-l-yl (C), guanin-9-yl (G), uracil-l-yl (U), 
and thymin-l-yl (T). The sugar moiety of a nucleotide is a ribose or a deoxyribose. 
The phosphate moiety of a nucleotide is pentavalent phosphate. An non-limiting 
example of a nucleotide would be 3'-AMP (3-adenosine monophosphate) or 5'-GMP 

25 (5 f -guanosine monophosphate). There are many varieties of these types of molecules 
available in the art and available herein. 

124. A nucleotide analog is a nucleotide which contains some type of 
modification to either the base, sugar, or phosphate moieties. Modifications to 
nucleotides are well known in the art and would include for example, 5-methylcytosine 

30 (5-me-C), 5-hydroxymethyl cytosine, xanthine, hypoxanthine, and 2-aminoadenine as 
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well as modifications at the sugar or phosphate moieties. There are many varieties of 
these types of molecules available in the art and available herein. 

125. Nucleotide substitutes are molecules having similar functional properties 
to nucleotides, but which do not contain a phosphate moiety, such as peptide nucleic 

5 acid (PNA). Nucleotide substitutes are molecules that will recognize nucleic acids in a 
Watson-Crick or Hoogsteen manner, but which are linked together through a moiety 
other than a phosphate moiety. Nucleotide substitutes are able to conform to a double 
helix type structure when interacting with the appropriate target nucleic acid. There are 
many varieties of these types of molecules available in the art and available herein. 

10 126. It is also possible to link other types of molecules (conjugates) to 

nucleotides or nucleotide analogs to enhance for example, cellular uptake. Conjugates 
can be chemically linked to the nucleotide or nucleotide analogs. Such conjugates 
include but are not limited to lipid moieties such as a cholesterol moiety. (Letsinger et 
aL, Proc. Natl. Acad. Sci. USA, 1989,86, 6553-6556). There are many varieties of 

1 5 these types of molecules available in the art and available herein. 

127. A Watson-Crick interaction is at least one interaction with the Watson- 
Crick face of a nucleotide, nucleotide analog, or nucleotide substitute. The Watson- 
Crick face of a nucleotide, nucleotide analog, or nucleotide substitute includes the C2, 
Nl , and C6 positions of a purine based nucleotide, nucleotide analog, or nucleotide 

20 substitute and the C2, N3, C4 positions of a pyrimidine based nucleotide, nucleotide 
analog, or nucleotide substitute. 

128. A Hoogsteen interaction is the interaction that takes place on the 
Hoogsteen face of a nucleotide or nucleotide analog, which is exposed in the major 
groove of duplex DNA. The Hoogsteen face includes the N7 position and reactive 

25 groups (NH2 or O) at the C6 position of purine nucleotides. 

b) Sequences 

129. There are a variety of sequences related to the protein molecules 
involved in the signaling pathways disclosed herein, for example SEQ ID NO:31 and 
44, or any of the nucleic acids disclosed herein for making IL-ip, all of which are 

30 encoded by nucleic acids or are nucleic acids. The sequences for the human analogs of 
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these genes, as well as other anlogs, and alleles of these genes, and splice variants and 
other types of variants, are available in a variety of protein and gene databases, 
including Genbank. Those sequences available at the time of filing this application at 
Genbank are herein incorporated by reference in their entireties as well as for individual 

5 subsequences contained therein. Genbank can be accessed at 

http://www.ncbi.nih.gov/entfez/query.fcgi. Those of skill in the art understand how to 
resolve sequence discrepancies and differences and to adjust the compositions and 
methods relating to a particular sequence to other related sequences. Primers and/or 
probes can be designed for any given sequence given the information disclosed herein 

10 and known in the art. 

c) Primers and probes 
130. Disclosed are compositions including primers and probes, which are 
capable of interacting with the disclosed nucleic acids, such as IL-lp, as disclosed 
herein. In certain embodiments the primers are used to support DNA amplification 
15 reactions. Typically the primers will be capable of being extended in a sequence 
specific manner. Extension of a primer in a sequence specific manner includes any 
methods wherein the sequence and/or composition of the nucleic acid molecule to 
which the primer is hybridized or otherwise associated directs or influences the 
composition or sequence of the product produced by the extension of the primer. 
20 Extension of the primer in a sequence specific manner therefore includes, but is not 
limited to, PCR, DNA sequencing, DNA extension, DNA polymerization, RNA 
transcription, or reverse transcription. Techniques and conditions that amplify the 
primer in a sequence specific manner are preferred. In certain embodiments the primers 
are used for the DNA amplification reactions, such as PCR or direct sequencing. It is 
25 understood that in certain embodiments the primers can also be extended using non- 
enzymatic techniques, where for example, the nucleotides or oligonucleotides used to 
extend the primer are modified such that they will chemically react to extend the primer 
in a sequence specific manner. Typically the disclosed primers hybridize with the 
disclosed nucleic acids or region of the nucleic acids or they hybridize with the 
30 complement of the nucleic acids or complement of a region of the nucleic acids. 
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131. The size of the primers or probes for interaction with the nucleic acids in 
certain embodiments can be any size that supports the desired enzymatic manipulation 
of the primer, such as DNA amplification or the simple hybridization of the probe or 
primer. A typical primer or probe would be at least 6, 7, 8, 9, 10, 1 1, 12, 13, 14, 15, 16, 

5 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,56, 57, 58, 59, 60, 61, 62, 
63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 
86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 125, 150, 175, 200, 225, 250, 
275, 300, 325, 350, 375, 400, 425, 450, 475, 500, 550, 600, 650, 700, 750, 800, 850, 

10 900, 950, 1000, 1250, 1500, 1750, 2000, 2250, 2500, 2750, 3000, 3500, or 4000 
nucleotides long. 

132. In other embodiments a primer or probe can be less than or equal to 6, 7, 
8, 9, 10, 11, 12 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 
32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 

15 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 
78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 
125, 150, 175, 200, 225, 250, 275, 300, 325, 350, 375, 400, 425, 450, 475, 500, 550, 
600, 650, 700, 750, 800, 850, 900, 950, 1000, 1250, 1500, 1750, 2000, 2250, 2500, 
2750, 3000, 3500, or 4000 nucleotides long. 

20 133. The primers for the DL-ip gene typically will be used to produce an 

amplified DNA product that contains a region of the EL-10 gene or the complete gene. 
In general, typically the size of the product will be such that the size can be accurately 
determined to within 3, or 2 or 1 nucleotides. 

134. In certain embodiments this product is at least 20, 21, 22, 23, 24, 25, 26, 

25 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 
50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 
73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 
96, 97, 98, 99, 100, 125, 150, 175, 200, 225, 250, 275, 300, 325, 350, 375, 400, 425, 
450, 475, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 1250, 1500, 1750, 

30 2000, 2250, 2500, 2750, 3000, 3500, or 4000 nucleotides long. 
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135. In other embodiments the product is less than or equal to 20, 21, 22, 23, 
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 
47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 
70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 

5 93, 94, 95, 96, 97, 98, 99, 100, 125, 150, 175, 200, 225, 250, 275, 300, 325, 350, 375, 
400, 425, 450, 475, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 1250, 
1500, 1750, 2000, 2250, 2500, 2750, 3000, 3500, or 4000 nucleotides long, 
d) Sequence sinularities 

136. It is understood that as discussed herein the use of the terms homology 
10 and identity mean the same thing as similarity. Thus, for example, if the use of the 

word homology is used between two non-natural sequences it is understood that this is 
not necessarily indicating an evolutionary relationship between these two sequences, 
but rather is looking at the similarity or relatedness between their nucleic acid 
sequences. Many of the methods for determining homology between two evolutionarily 
1 5 related molecules are routinely applied to any two or more nucleic acids or proteins for 
the purpose of measuring sequence similarity regardless of whether they are 
evolutionarily related or not. 

137. In general, it is understood that one way to define any known variants 
and derivatives or those that might arise, of the disclosed genes and proteins herein, is 

20 through defining the variants and derivatives in terms of homology to specific known 
sequences. This identity of particular sequences disclosed herein is also discussed 
elsewhere herein. In general, variants of genes and proteins herein disclosed typically 
have at least, about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 
88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99 percent homology to the stated sequence 

25 or the native sequence. Those of skill in the art readily understand how to determine 
the homology of two proteins or nucleic acids, such as genes. For example, the 
homology can be calculated after aligning the two sequences so that the homology is at 
its highest level. 

138. Another way of calculating homology can be performed by published 
30 algorithms. Optimal alignment of sequences for comparison may be conducted by the 
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local homology algorithm of Smith and Waterman Adv. Appl. Math. 2: 482 (1981), by 
the homology alignment algorithm of Needleman and Wunsch, J. MoL Biol. 48: 443 
(1970), by the search for similarity method of Pearson and Lipman, Proc. Natl. Acad. 
Sci. U.S.A. 85: 2444 (1988), by computerized implementations of these algorithms 

5 (GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software Package, 
Genetics Computer Group, 575 Science Dr., Madison, WI), or by inspection. 

139. The same types of homology can be obtained for nucleic acids by for 
example the algorithms disclosed in Zuker, M. Science 244:48-52, 1989, Jaeger et al. 
Proc. Natl. Acad. Sci. USA 86:7706-7710, 1989, Jaeger et al. Methods Enzymol. 

10 183:281-306, 1989 which are herein incorporated by reference for at least material 

related to nucleic acid alignment. It is understood that any of the methods typically can 
be used and that in certain instances the results of these various methods may differ, but 
the skilled artisan understands if identity is found with at least one of these methods, the 
sequences would be said to have the stated identity, and be disclosed herein. 

15 1 40. For example, as used herein, a sequence recited as having a particular 

percent homology to another sequence refers to sequences that have the recited 
homology as calculated by any one or more of the calculation methods described above. 
For example, a first sequence has 80 percent homology, as defined herein, to a second 
sequence if the first sequence is calculated to have 80 percent homology to the second 

20 sequence using the Zuker calculation method even if the first sequence does not have 
80 percent homology to the second sequence as calculated by any of the other 
calculation methods. As another example, a first sequence has 80 percent homology, as 
defined herein, to a second sequence if the first sequence is calculated to have 80 
percent homology to the second sequence using both the Zuker calculation method and 

25 the Pearson and Lipman calculation method even if the first sequence does not have 80 
percent homology to the second sequence as calculated by the Smith and Waterman 
calculation method, the Needleman and Wunsch calculation method, the Jaeger 
calculation methods, or any of the other calculation methods. As yet another example, 
a first sequence has 80 percent homology, as defined herein, to a second sequence if the 

30 first sequence is calculated to have 80 percent homology to the second sequence using 



— 40 — 



WO 2006/053343 



PCT/US2005/042058 



each of calculation methods (although, in practice, the different calculation methods 
will often result in different calculated homology percentages), 
e) Hybridization 

141 . The term hybridization typically means a sequence driven interaction 
5 between at least two nucleic acid molecules, such as a primer or a probe and a gene. 

Sequence driven interaction means an interaction that occurs between two nucleotides 
or nucleotide analogs or nucleotide derivatives in a nucleotide specific manner. For 
example, G interacting with C or A interacting with T are sequence driven interactions. 
Typically sequence driven interactions occur on the Watson-Crick face or Hoogsteen 
10 face of the nucleotide. The hybridization of two nucleic acids is affected by a number 
of conditions and parameters known to those of skill in the art. For example, the salt 
concentrations, pH, and temperature of the reaction all affect whether two nucleic acid 
molecules will hybridize. 

142. Parameters for selective hybridization between two nucleic acid 
15 molecules are well known to those of skill in the art. For example, in some 

embodiments selective hybridization conditions can be defined as stringent 
hybridization conditions. For example, stringency of hybridization is controlled by 
both temperature and salt concentration of either or both of the hybridization and 
washing steps. For example, the conditions of hybridization to achieve selective 

20 hybridization may involve hybridization in high ionic strength solution (6X SSC or 6X 
SSPB) at a temperature that is about 12-25°C below the Tm (the melting temperature at 
which half of the molecules dissociate from their hybridization partners) followed by 
washing at a combination of temperature and salt concentration chosen so that the 
washing temperature is about 5°C to 20°C below the Tm. The temperature and salt 

25 conditions are readily determined empirically in preliminary experiments in which 
samples of reference DNA immobilized on filters are hybridized to a labeled nucleic 
acid of interest and then washed under conditions of different stringencies. 
Hybridization temperatures are typically higher for DNA-RNA and RNA-RNA 
hybridizations. The conditions can be used as described above to achieve stringency, or 

30 as is known in the art. (Sambrook et al 9 Molecular Cloning: A Laboratory Manual, 
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2nd Ed., Cold Spring Harbor Laboratory, Cold Spring Harbor, New York, 1989; 
Kunkel et al. Methods Enzymol. 1987: 154:367, 1987 which is herein incorporated by 
reference for material at least related to hybridization of nucleic acids). A preferable 
stringent hybridization condition for a DNA:DNA hybridization can be at about 68°C 

5 (in aqueous solution) in 6X SSC or 6X SSPE followed by washing at 68°C. Stringency 
of hybridization and washing, if desired, can be reduced accordingly as the degree of 
complementarity desired is decreased, and further, depending upon the G-C or A-T 
richness of any area wherein variability is searched for. Likewise, stringency of 
hybridization and washing, if desired, can be increased accordingly as homology 

10 desired is increased, and further, depending upon the G-C or A-T richness of any area 
wherein high homology is desired, all as known in the art. 

143. Another way to define selective hybridization is by looking at the 
amount (percentage) of one of the nucleic acids bound to the other nucleic acid. For 
example, in some embodiments selective hybridization conditions would be when at 

15 least about, 60, 65, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 
88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100 percent of the limiting nucleic acid is 
bound to the non-limiting nucleic acid. Typically, the non-limiting primer is in for 
example, 10 or 100 or 1000 fold excess. This type of assay can be performed at under 
conditions where both the limiting and non-limiting primer are for example, 10 fold or 

20 100 fold or 1000 fold below their or where only one of the nucleic acid molecules is 
10 fold or 100 fold or 1000 fold or where one or both nucleic acid molecules are above 
their kd. 

144. Another way to define selective hybridization is by looking at the 
percentage of primer that gets enzymatically manipulated under conditions where 

25 hybridization is required to promote the desired enzymatic manipulation. For example, 
in some embodiments selective hybridization conditions would be when at least about, 
60, 65, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 
91, 92, 93, 94, 95, 96, 97, 98, 99, 100 percent of the primer is enzymatically 
manipulated under conditions which promote the enzymatic manipulation, for example 

30 if the enzymatic manipulation is DNA extension, then selective hybridization 
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conditions would be when at least about 60, 65, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100 percent 
of the primer molecules are extended. Preferred conditions also include those 
suggested by the manufacturer or indicated in the art as being appropriate for the 
5 enzyme performing the manipulation. 

145. Just as with homology, it is understood that there are a variety of 
methods herein disclosed for determining the level of hybridization between two 
nucleic acid molecules. It is understood that these methods and conditions may provide 
different percentages of hybridization between two nucleic acid molecules, but unless 

10 otherwise indicated meeting the parameters of any of the methods would be sufficient. 
For example if 80% hybridization was required and as long as hybridization occurs 
within the required parameters in any one of these methods it is considered disclosed 
herein. 

1 46. It is understood that those of skill in the art understand that if a 

15 composition or method meets any one of these criteria for determining hybridization 
either collectively or singly it is a composition or method that is disclosed herein. 
6. Peptides 

a) Protein variants 

147. As discussed herein there are numerous variants of theproteins, such as 
20 the EL-IB protein that are known and herein contemplated. In addition, to the known 

functional strain variants there are derivatives of the disclosed proteins which also 
function in the disclosed methods and compositions. Protein variants and derivatives 
are well understood to those of skill in the art and in can involve amino acid sequence 
modifications. For example, amino acid sequence modifications typically fall into one 

25 or more of three classes: substitutional, insertional or deletional variants. Insertions 
include amino and/or carboxyl terminal fusions as well as intrasequence insertions of 
single or multiple amino acid residues. Insertions ordinarily will be smaller insertions 
than those of amino or carboxyl terminal fusions, for example, on the order of one to 
four residues. Immunogenic fusion protein derivatives, such as those described in the 

30 examples, are made by fusing a polypeptide sufficiently large to confer immunogenicity 
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to the target sequence by cross-linking in vitro or by recombinant cell culture 
transformed with DNA encoding the fusion. Deletions are characterized by the removal 
of one or more amino acid residues from the protein sequence. Typically, no more than 
about from 2 to 6 residues are deleted at any one site within the protein molecule. 

5 These variants ordinarily are prepared by site specific mutagenesis of nucleotides in the 
DNA encoding the protein, thereby producing DNA encoding the variant, and thereafter 
expressing the DNA in recombinant cell culture. Techniques for making substitution 
mutations at predetermined sites in DNA having a known sequence are well known, for 
example M13 primer mutagenesis and PCR mutagenesis. Amino acid substitutions are 

1 0 typically of single residues, but can occur at a number of different locations at once; 
insertions usually will be on the order of about from 1 to 10 amino acid residues; and 
deletions will range about from 1 to 30 residues. Deletions or insertions preferably are 
made in adjacent pairs, i.e. a deletion of 2 residues or insertion of 2 residues. 
Substitutions, deletions, insertions or any combination thereof may be combined to 

1 5 arrive at a final construct. The mutations must not place the sequence out of reading 
frame and preferably will not create complementary regions that could produce 
secondary mRNA structure. Substitutional variants are those in which at least one 
residue has been removed and a different residue inserted in its place. Such 
substitutions generally are made in accordance with the following Tables 1 and 2 and 

20 are referred to as conservative substitutions. 



TABLE 1: A mino Acid Abbreviations 
Amino Acid Abbreviations 



alanine 


Ala 


A 


allosoleucine 


Alle 




arginine 


Arg 


R 


asparagine 


Asn 


N 


aspartic acid 


Asp 


D 


cysteine 


Cys 


C 


glutamic acid 


Glu 


E 


glutamine 


Gin 


Q 


glycine 


Gry 


G 


histidine 


His 


H 


isolelucine 


He 


I 


leucine 


Leu 


L 


lysine 


Lys 


K 


phenylalanine 


Phe. 


F 


proline 


Pro 


P 


pyroglutamic acid 


pGlu 
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TABLE 1: Amino Acid Abbreviations 



Amino Acid Abbreviations 

serine Ser S 

threonine Thr T 

tyrosine Tyr Y 

tryptophan Trp W 

valine Val V 

TABLE 2: A mino Acid Substitutions 
Original Exemplary Conservative Substitutions 
Residue others are known in the art. 

Ala ~ Ser 

Arg Lys; Gin 

Asn Gin; His 

Asp Glu 

Cys Ser 

Gin Asn, Lys 

Glu Asp 

Gly Pro 

His Asn;Gln 

He Leu; Val 

Leu He; Val 

Lys Arg; Gin 

Met Leu; lie 

Phe Met; Leu; Tyr 

Ser Thr 

Thr Ser 

Trp Tyr 

Tyr Trp; Phe 

Val He; Leu 



148. Substantial changes in function or immunological identity are made by 
selecting substitutions that are less conservative than those in Table 2, i.e., selecting 
residues that differ more significantly in their effect on maintaining (a) the structure of 

5 the polypeptide backbone in the area of the substitution, for example as a sheet or 

helical conformation, (b) the charge or hydrophobicity of the molecule at the target site 
or (c) the bulk of the side chain. The substitutions which in general are expected to 
produce the greatest changes in the protein properties will be those in which (a) a 
hydrophiUc residue, e.g. seryl or threonyl, is substituted for (or by) a hydrophobic 

10 residue, e.g. leucyl, isoleucyl, phenylalanyl, valyl or alanyl; (b) a cysteine or proline is 
substituted for (or by) any other residue; (c) a residue having an electropositive side 
chain, e.g., lysyl, arginyl, or histidyl, is substituted for (or by) an electronegative 
residue, e.g., glutamyl or aspartyl; or (d) a residue having a bulky side chain, e.g., 
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phenylalanine, is substituted for (or by) one not having a side chain, e.g., glycine, in this 
case, (e) by increasing the number of sites for sulfation and/or glycosylation. 

149. For example, the replacement of one amino acid residue with another 
that is biologically and/or chemically similar is known to those skilled in the art as a 

5 conservative substitution. For example, a conservative substitution would be replacing 
one hydrophobic residue for another, or one polar residue for another. The substitutions 
include combinations such as, for example, Gly, Ala; Val, fie, Leu; Asp, Glu; Asn, Gin; 
Ser, Thr; Lys, Arg; and Phe, Tyr. Such conservatively substituted variations of each 
explicitly disclosed sequence are included within the mosaic polypeptides provided 

10 herein. 

150. Substitutional or deletional mutagenesis can be employed to insert sites 
for N-glycosylation (Asn-X-Thr/Ser) or O-glycosylation (Ser or Thr). Deletions of 
cysteine or other labile residues also may be desirable. Deletions or substitutions of 
potential proteolysis sites, e.g. Arg, is accomplished for example by deleting one of the 

1 5 basic residues or substituting one by glutaminyl or histidyl residues. 

151. Certain post-translational derivatizations are the result of the action of 
recombinant host cells on the expressed polypeptide. Glutaminyl and asparaginyl 
residues are frequently post-translationally deamidated to the corresponding glutamyl 
and asparyl residues. Alternatively, these residues are deamidated under mildly acidic 

20 conditions. Other post-translational modifications include hydroxylation of proline and 
lysine, phosphorylation of hydroxyl groups of seryl or threonyl residues, methylation of 
the o-amino groups of lysine, arginine, and histidine side chains (T.E. Creighton, 
Proteins: Structure and Molecular Properties, W. H. Freeman & Co., San Francisco pp 
79-86 [1983]), acetylation of the N-terminal amine and, in some instances, amidation of 

25 the C-terminal carboxyl. 

1 52. It is understood that one way to define the variants and derivatives of the 
disclosed proteins herein is through defining the variants and derivatives in terms of 
homology/identity to specific known sequences. For example, SEQ ID NO:31 sets 
forth a particular sequence of IL-1B and SEQ ID NO:32 sets forth a particular sequence 

30 of a IL- Ira encoding their respective proteins. Specifically disclosed are variants of 
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these and other proteins herein disclosed which have at least, 70% or 75% or 80% or 
85% or 90% or 95% homology to the stated sequence. Those of skill in the art readily 
understand how to determine the homology of two proteins. For example, the 
homology can be calculated after aligning the two sequences so that the homology is at 
5 its highest level 

153. Another way of calculating homology can be performed by published 
algorithms. Optimal alignment of sequences for comparison may be conducted by the 
local homology algorithm of Smith and Waterman Adv. Appl. Math. . 2: 482 (1981), by 
the homology alignment algorithm of Needleman and Wunsch, J. MoL Biol. 48: 443 

10 (1970), by the search for similarity method of Pearson and Lipman, Proc. Natl. Acad. 
Sci. U.S.A. 85: 2444 (1988), by computerized implementations of these algorithms 
(GAP, BESTFTT, FASTA, and TFASTA in the Wisconsin Genetics Software Package, 
Genetics Computer Group, 575 Science Dr., Madison, WI), or by inspection. 

154. The same types of homology can be obtained for nucleic acids by for 
15 example the algorithms disclosed in Zuker, M. Science 244:48-52, 1989, Jaeger et al. 

Proc. Natl. Acad. Sci. USA 86:7706-7710, 1989, Jaeger et al. Methods Enzymol 
183:281-306, 1989 which are herein incorporated by reference for at least material 
related to nucleic acid alignment. 

155. It is understood that the description of conservative mutations and 
20 homology can be combined together in any combination, such as embodiments that 

have at least 70% homology to a particular sequence wherein the variants are 
conservative mutations. 

156. As this specification discusses various proteins and protein sequences it 
is understood that the nucleic acids that can encode those protein sequences are also 

25 disclosed. This would include all degenerate sequences related to a specific protein 
sequence, i.e. all nucleic acids having a sequence that encodes one particular protein 
sequence as well as all nucleic acids, including degenerate nucleic acids, encoding the 
disclosed variants and derivatives of the protein sequences. Thus, while each particular 
nucleic acid sequence may not be written out herein, it is understood that each and 

30 every sequence is in fact disclosed and described herein through the disclosed protein 
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sequence. It is also understood that while no amino acid sequence indicates what 
particular DNA sequence encodes that protein within an organism, where particular 
variants of a disclosed protein are disclosed herein, the known nucleic acid sequence 
that encodes that protein in the particular species from which that protein arises is also 

5 known and herein disclosed and described. 

157. It is understood that there are numerous amino acid and peptide analogs 
which can be incorporated into the disclosed compositions. For example, there are 
numerous D amino acids or amino acids which have a different functional substituent 
then the amino acids shown in Table 1 and Table 2. The opposite stereo isomers of 

10 naturally occurring peptides are disclosed, as well as the stereo isomers of peptide 
analogs. These amino acids can readily be incorporated into polypeptide chains by 
charging tRNA molecules with the amino acid of choice and engineering genetic 
constructs that utilize, for example, amber codons, to insert the analog amino acid into a 
peptide chain in a site specific way (Thorson et al., Methods in Molec. Biol. 77:43-73 

15 (1991), Zoller, Current Opinion in Biotechnology, 3:348-354 (1992); Ibba, 

Biotechnology & Genetic Enginerring Reviews 13:197-216 (1995), Cahill et al., TBS, 
14(10):400-403 (1989); Benner, TIB Tech, 12:158-163 (1994); Ibba andHennecke, 
Bio/technology, 12:678-682 (1994) all of which are herein incorporated by reference at 
least for material related to amino acid analogs). 

20 158. Molecules can be produced that resemble peptides, but which are not 

connected via a natural peptide linkage. For example, linkages for amino acids or 
amino acid analogs can include CH 2 NH~, — CH2S— , — CH2--CH2 — , — CH=CH— (cis 
and trans), -COCH 2 -> --CH(OH)CH 2 --, and -CHH 2 SO— (These and others can be 
found in Spatola, A. F. in Chemistry and Biochemistry of Amino Acids, Peptides, and 

25 Proteins, B. Weinstein, eds., Marcel Dekker, New York, p. 267 (1983); Spatola, A. F., 
Vega Data (March 1983), Vol. 1, Issue 3, Peptide Backbone Modifications (general 
review); Morley, Trends Pharm Sci (1980) pp. 463-468; Hudson, D. et al., Iht J Pept 
Prot Res 14:177-185 (1979) (-CH2NH-, CH 2 CH 2 ~); Spatola et al. Life Sci 38:1243- 
1249 (1986) (~CH H 2 -S); Hann J. Chem. Soc Perkin Trans. 1 307-314 (1982) (-CH- 

30 CH-, cis and trans); Almquist et al. J. Med. Chem. 23:1392-1398 (1980) (-COCH 2 -); 
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Jennings-White et al. Tetrahedron Lett 23:2533 (1982) (--COCH 2 -); Szelke et al. 
European Appln, EP 45665 CA (1982): 97:39405 (1982) (~CH(OH)CH 2 --); Holladay 
et al. Tetrahedron. Lett 24:4401-4404 (1983) (~C(OH)CH 2 ~); and Hruby Life Sci 
31:189-199 (1982) (~CH 2 ~S-); each of which is incorporated herein by reference. A 

5 particularly preferred non-peptide linkage is ~CH 2 NH--. It is understood that peptide 
analogs can have more than one atom between the bond atoms, such as b-alanine, g- 
aminobutyric acid, and the like. 

159. Amino acid analogs and analogs and peptide analogs often have 
enhanced or desirable properties, such as, more economical production, greater 

10 chemical stability, enhanced pharmacological properties (half-life, absorption, potency, 
efficacy, etc.), altered specificity (e.g., a broad-spectrum of biological activities), 
reduced antigenicity, and others, 

160; D-amino acids can be used to generate more stable peptides, because D 
amino acids are not recognized by peptidases and such. Systematic substitution of one 

15 or more amino acids of a consensus sequence with a D-amino acid of the same type 
(e.g., D-lysine in place of L-lysine) can be used to generate more stable peptides. 
Cysteine residues can be used to cyclize or attach two or more peptides together. This 
can be beneficial to constrain peptides into particular conformations. (Rizo and 
Gierasch Ann. Rev. Biochem. 61 :387 (1992), incorporated herein by reference). 

20 7. Cells 

161. It is understood that prbkaryotic and/or eukaryotic cells may be used in 
the creation, propagation, or delivery of the provided nucleic acids and vectors. The 
specific selection of the cell used is typically not important and is typically driven by 
the end goal for the cell. Therefore, provided herein is a composition comprising a cell, 

25 wherein the cell comprises any one of the vectors or nucleic acids or proteins provided 
herein. Examples of cells include primary mouse or rat or human fibroblasts, primary 
mouse or rat or human chondrocytes, N1H 3T3 fibroblast cell line, and ATDC5 
chondrocyte cell line. 
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8. Animals 

162. Provided herein are transgenic animals comprising gennline 
transmission of any of the vectors or nucleic acids provided herein. In one aspect, the 
transgenic animal provided herein is an excision activated transgenic (XAT) animal. 

5 The disclosed transgenic animals can have have temporally and spatially regulated 
transgene expression (Brooks, AI, et al. 1991. Nature Biotech 15:57-62; Brooks, AI, et 
al. 1999. Neuroreport 10:337-344; Brooks, AI., et al. 2000. Proc Natl Acad Sci USA 
97:13378-13383) of an inflammation element. It is understood that where the transgenic 
animal comprises a nucleic acid comprising a recombination site, as disclosed herein, 

10 delivery of a recombinase, such as Cre recombinase to cells within the provided 

transgenic animal will result in the expression of the inflammatory modulator, e.g., IL- 
1P, IL-lra, COX-2, within those cells. 

163. By a 'transgene" is meant a nucleic acid sequence that is inserted by 
artifice into a cell and becomes a part of the genome of that cell and its progeny. Such a 

15 transgene may be (but is not necessarily) partly or entirely heterologous (e.g., derived 
from a different species) to the cell. The term 'transgene" broadly refens to any nucleic 
acid that is introduced into an animal's genome, including but not limited to genes or 
DNA having sequences which are perhaps not normally present in the genome, genes 
which are present, but not normally transcribed and translated ("expressed") in a given 

20 genome, or any other gene or DNA which one desires to introduce into the genome. 
This may include genes which may normally be present in the nontransgenic genome 
but which one desires to have altered in expression, or which one desires to introduce in 
an altered or variant form. A transgene can include one or more transcriptional 
regulatory sequences and any other nucleic acid, such as introns, that may be necessary 

25 for optimal expression of a selected nucleic acid. A transgene can be as few as a couple 
of nucleotides long, but is preferably at least about 50, 100, 150, 200, 250, 300, 350, 
400, or 500 nucleotides long or even longer and can be, e.g., an entire genome. A 
transgene can be coding or non-coding sequences, or a combination thereof. A 
transgene usually comprises a regulatory element that is capable of driving the 

30 expression of one or more transgenes under appropriate conditions. By 'transgenic 
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animal" is meant an animal comprising a transgene as described above. Transgenic 
animals are made by techniques that are well known in the art. The disclosed nucleic 
acids, in whole or in part, in any combination, can be transgenes as disclosed herein. 

164. Disclosed are animals produced by the process of transfecting a cell 

5 within the animal with any of the nucleic acid molecules disclosed herein. Disclosed 
are animals produced by the process of transfecting a cell within the animal any of the 
nucleic acid molecules disclosed herein, wherein the animal is a mammal. Also 
disclosed are animals produced by the process of transfecting a cell within the animal 
any of the nucleic acid molecules disclosed herein, wherein the mammal is mouse, rat, 

10 rabbit, cow, sheep, pig, or primate. 

165. The disclosed transgenic animals can be any non-human animal, 
preferably a non-human mammal (e.g. mouse, rat, rabbit, squirrel, hamster, rabbits, 
guinea pigs, pigs, micro-pigs, prairie dogs, baboons, squirrel monkeys and 
chimpanzees, etc), bird or an amphibian, in which one or more cells contain 

15 heterologous nucleic acid introduced by way of human intervention, such as by 

transgenic techniques well known in the art. The nucleic acid is introduced into the cell, 
directly or indirectly, by introduction into a precursor of the cell, such as by 
microinjection or by infection with a recombinant virus. The disclosed transgenic 
animals can also include the progeny of animals which had been directly manipulated 

20 or which were the original animal to receive one or more of the disclosed nucleic acids. 
This molecule may be integrated within a chromosome, or it may be 
extrachromosomally replicating DNA. For techniques related to the production of 
transgenic animals, see, inter aha, Hogan et al (1986) Manipulating the Mouse Embryo- 
-A Laboratory Manual Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y., 

25 1986). 

1 66. Animals suitable for transgenic experiments can be obtained from 
standard commercial sources such as Charles River (Wilmington, Mass.), Taconic 
(Germantown, N.Y.), and Harlan Sprague Dawley (Indianapolis, Ind). For example, if 
the transgenic animal is a mouse, many mouse strains are suitable, but C57BL/6 female 

30 mice can be used for embryo retrieval and transfer. C57BL/6 males can be used for 
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mating and vasectomized C57BL/6 studs can be used to stimulate pseudopregnancy. 
Vasectomized mice and rats can be obtained from the supplier. Transgenic animals can 
be made by any known procedure, including microinjection methods, and embryonic 
stem cells methods. The procedures for manipulation of the rodent embryo and for 

5 microinjection of DNA are described in detail in Hogan et al., Manipulating the Mouse 
Embryo (Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y., 1986), the 
teachings of which are generally known and are incorporated herein. 

167. Transgenic animals can be identified by analyzing their DNA. For this 
purpose, for example, when Ihe transgenic animal is an animal with a tail, such as 

10 rodent, tail samples (1 to 2 cm) can be removed from three week old animals. DNA 
from these or other samples can then be prepared and analyzed, for example, by 
Southern blot, PGR, or slot blot to detect transgenic founder (F (0)) animals and then- 
progeny (F (1 )and F (2)). The present invention further provides transgenic non-human 
animals that are progeny of crosses between a transgenic animal of the invention and a 

15 second animal. Transgenic animals can be bred with other transgenic animals, where 
the two transgenic animals were generated using different transgenes, to test the effect 
of one gene product on another gene product or to test the combined effects of two gene 
products. 

a) Somatic mosaic technology 

20 168. Somatic mosaic technology for creating transgenic animals with 

temporally and spatially regulated transgene expression was developed and first 
described in Howard Federoff s laboratory [Brooks, A.I., et al. Nature Biotech. (1997) 
15:57-62; Brooks, AL, et al. NeuroReport (1999) 10:337-344; and Brooks, AL, et al. 
Proc. Natl. Acad. Sci. USA (2000) 97:13378-13383]. In somatic mosaic technology a 

25 transgene is expressed in either a temporally regulated way or in a spatially regulated 
way or the gene can be regulated in both ways. The original work involved 
development of a nerve growth factor (NGF) XAT mouse line and the use of HSV 
amplicon vectors carrying ere recombinase to induce hippocampal expression of NGF. 
Animals undergoing such treatment showed elevated levels of NGF (10-fold) [Brooks, 

30 AL, et al. Nature Biotech. (1997) 15:57-62] and histological evidence of increased 
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cholinergic projection to the specific region of hippocampus expressing the transgene 
[Brooks, A J., et al NeuroReport (1999) 10:337-344]. Moreover, NGF-activated 
animals showed enhanced learning and evidence for behavioral modulation of the 
septohippocampal pathways [Brooks, A.L, et al Proc. Natl. Acad. Sci. USA (2000) 
5 97:13378-13383]. Provided herein is the use this technology to generate transgenic 
mice that can be manipulated to regionally and temporally express hIL- 1 P or its 
antagonist. 

(1) Development of the IL-ip somatic mosaic mouse 

169. One disclosed embodiment are IL-ip somatic mosaic mice, which are 
10 disclosed such that the IL-ip can be constitutively produced, or conditionally expressed 

in selective tissues, such as bone related, such as chondrocytes, or neural related cells, 
or temporally expressed. Somatic mosaic analysis is a molecular genetic method that 
allows one to induce long-term expression of a gene of interest, due to a permanent 
change in the genetic constitution of infected cells, at a particular location (i.e. IMF) 

15 and during a specific developmental stage. The somatic mosaic analysis model offers 
significant advantages compared to traditional transgenic mice, because it avoids 
compensatory adaptations often encountered in transgenic mice during development 
and allows regional activation of a gene [Brooks AI, et al. (1997). Nat Biotech 
15(l):57-62; Brooks AI, et al. (1999). Neuroreport 10:337-44; and Maguire-Zeiss KA, 

20 et al. (2002). Neurobiol Aging 23:977-84]. 

170. The construction and regulation of COLL1-IL1 p^ 7 by ere recombinase 
in vitro is discussed in the Examples. COLLI -IL1 P** 7 transgenic mice construction 
and development are discussed in the examples. Typically, each set of microinjections 
yields 15-25 pups, of which 20-25% harbor the transgene of interest [Polites HG and 

25 Pinkert CA (2002). DNA microinjection and transgenic animal production, p. 15-70. In 
C. A. Pinkert (ed.), Transgenic animal technology: a laboratory handbook. 2nd ed. 
Academic Press, Inc., San Diego], Genotyping is usually performed at weaning, and 
breeding of transgenic founders to establish lines generally commences around 6-8 
weeks of age [Overbeek PA (2002). DNA microinjection and transgenic animal 

30 production, p.72-1 12. In CA. Pinkert (Ed.), Transgenic animal technology: a laboratory 
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handbook. 2nd ed. Academic Press, Inc., San Diego; .Tinkle BT and Jay G (2002). 
Analysis of transgene integration, p. 459-474. In CA Pinkert (ed.), Transgenic animal 
technology: a laboratory handbook. 2nd ed. Academic Press, Inc., San Diego.]. The 
presence and number of transgene copies in these founders can be determined by 
5 methods routinely employed, such as conventional or quantitative PCR on tail DNA 
extracts using primers specifically designed for the COLLl-ILip** 1 Tg, then confirmed 
by Southern blot analysis using whole length probes) [Tinkle BT and Jay G (2002). 
Analysis of transgene integration, p. 459-474. In CA Pinkert (ed.), Transgenic animal 
technology: a laboratory handbook. 2nd ed. Academic Press, Inc., San Diego; Irwin, 

10 M.H., et al. (2002). PCR optimization for detection of transgene integration, p. 475- 
484. In CA. Pinkert (ed.), Transgenic animal technology: a laboratory handbook. 2nd 
ed. Academic Press, Inc., San Diego; and Nagy A, et al. (2003) Manipulating the 
Mouse Embryo: A Laboratory Manual. 3rd ed., Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, New York], It is anticipated that three to five transgenic founders 

15 can be identified in each set of microinjections; these mice can be bred to C57BL/6 

stock mice for analysis of germ-line transmission of a functional transgene [Ngo L and 
Jay G (2002). Analysis of transgene expression, p. 486-513. In CA Pinkert (ed.), 
Transgenic animal technology: a laboratory handbook. 2nd ed. Academic Press, Inc., 
San Diego and Pinkert CA (2003). Transgenic animal technology: Alternatives in 

20 genotyping and phenotyping. Comp Med 53:116-29]. Moreover, a second series of 
microinjections can be performed if an adequate number of germ-line competent, 
transgene-expressing founders are not produced by this initial experiment. It is 
anticipated that the transgene can be maintained in a heterozygous state on the C57BL/6 
background. 

25 9. Kits 

171. Disclosed herein are kits that are drawn to reagents that can be used in 
practicing the methods disclosed herein. The kits can include any reagent or 
combination of reagents discussed herein or that would be understood to be required or. 
beneficial in the practice of the disclosed methods. For example, the kits could include 

30 primers to perform the amplification reactions discussed in certain embodiments of the 
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methods, as well as the buffers and enzymes required to use the primers as intended. 
For example, disclosed is a kit for screening compounds that affect inflammatory 
disease, comprising the provided XAT animal and an expression vector for delivery of 
Cre recombinase to desired target in the animal, e.g. FIVcre. 
5 C. Methods of making the compositions 

1 72. The compositions disclosed herein and the compositions necessary to 
perform the disclosed methods can be made using any method known to those of skill 
in the art for that particular reagent or compound unless otherwise specifically noted. 

1. Nucleic acid synthesis 

10 173. For example, the nucleic acids, such as, the oligonucleotides to be used 

as primers can be made using standard chemical synthesis methods or can be produced 
using enzymatic methods or any other known method. Such methods can range from 
standard enzymatic digestion followed by nucleotide fragment isolation (see for 
example, Sambrook et al 9 Molecular Cloning: A Laboratory Manual, 2nd Edition 

15 (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989) Chapters 5, 6) 
to purely synthetic methods, for example, by the cyanoethyl phosphoramidite method 
using a Milligen or Beckman System lPlus DNA synthesizer (for example, Model 8700 
automated synthesizer of Milligen-Biosearch, Burlington, MA or ABI Model 380B). 
Synthetic methods useful for making oligonucleotides are also described by Dcuta et al. 9 

20 Ann, Rev. Biochem. 53:323-356 (1984), (phosphotriester and phosphite-triester 

methods), and Narang et al y Methods EnzymoL> 65:610-620 (1980), (phosphotriester 
method). Protein nucleic acid molecules can be made using known methods such as 
those described by Nielsen et aL, Bioconjug. Chem. 5:3-7 (1994). 

2. Cells 

25 1 74. Provided is a composition comprising a cell, wherein the cell comprises 

any one of the nucleic acids or vectors provided herein. 

a) Delivery of the compositions to cells 
175. There are a number of compositions and methods which can be used to 
deliver nucleic acids to cells, either in vitro or in vivo. These methods and 
30 compositions can largely be broken down into two classes: viral based delivery systems 
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and non-viral based delivery systems. For example, the nucleic acids can be delivered 
through a number of direct delivery systems such as, electroporation, lipofection, 
calcium phosphate precipitation, plasmids, viral vectors, viral nucleic acids, phage 
nucleic acids, phages, cosmids, or via transfer of genetic material in cells or carriers 
5 such as cationic liposomes. Appropriate means for transfection, including viral vectors, 
chemical transfectants, or physico-mechanical methods such as electroporation and 
direct diffusion of DNA, are described by, for example, Wolff, J. A., et al. 9 Science, 
247, 1465-1468, (1990); and Wolff, J. A. Nature, 352, 815-818, (1991). Such methods 
are well known in the art and readily adaptable for use with the compositions and 
10 methods described herein. In certain cases, the methods will be modifed to specifically 
function with large DNA molecules. Further, these methods can be used to target 
certain diseases and cell populations by using the targeting characteristics of the carrier. 

(1) Nucleic acid based delivery systems 

176. Transfer vectors can be any nucleotide construction used to deliver genes 
15 into cells (e.g., a plasmid), or as part of a general strategy to deliver genes, e.g., as part 

of recombinant retrovirus or adenovirus (Ram et ah Cancer Res. 53:83-88, (1993)). 

177. As used herein, plasmid or viral vectors are agents that transport the 
disclosed nucleic acids, such as the nucleic acids encoding an inflammation molecule 
into the cell without degradation and include a promoter yielding expression of the gene 

20 in the cells into which it is delivered. In some embodiments the vectors are derived 
from either a virus or a retrovirus. Viral vectors are, for example, Adenovirus, Adeno- 
associated virus, Herpes virus, Vaccinia virus, Polio virus, AIDS virus, neuronal trophic 
virus, Sindbis and other RNA viruses, including these viruses with the HIV backbone. 
Also preferred are any viral families which share the properties of these viruses which 

25 make them suitable for use as vectors. Retroviruses include Murine Maloney Leukemia 
virus, MMLV, and retroviruses that express the desirable properties of MMLV as a 
vector. Retroviral vectors are able to carry a larger genetic payload, i.e., a transgene or 
marker gene, than other viral vectors, and for this reason are a commonly used vector. 
However, they are not as useful in non-proliferating cells. Adenovirus vectors are 

30 relatively stable and easy to work with, have high titers, and can be delivered in aerosol 
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formulation, and can transfect non-dividing cells. Pox viral vectors are large and have 
several sites for inserting genes, they are thermostable and can be stored at room 
temperature. A preferred embodiment is a viral vector which has been engineered so as 
to suppress the immune response of the host organism, elicited by the viral antigens. 
5 Preferred vectors of this type will carry coding regions for Interleukin 8 or 10. 

178. Viral vectors can have higher transaction (ability to introduce genes) 
abilities than chemical or physical methods to introduce genes into cells. Typically, 
viral vectors contain, nonstructural early genes, structural late genes, an RNA 
polymerase III transcript, inverted terminal repeats necessary for replication and 

10 encapsidation, and promoters to control the transcription and replication of the viral 
genome. When engineered as vectors, viruses typically have one or more of the early 
genes removed and a gene or gene/promotor cassette is inserted into the viral genome in 
place of the removed viral DNA. Constructs of this type can carry up to about 8 kb of 
foreign genetic material. The necessary functions of the removed early genes are 

15 typically supplied by cell lines which have been engineered to express the gene 
products of the early genes in trans. 

(a) Retroviral Vectors 

179. A retrovirus is an animal virus belonging to the virus family of 
Retroviridae, including any types, subfamilies, genus, or tropisms. Retroviral vectors, 

20 in general, are described by Verma, IM., Retroviral vectors for gene transfer. In 

Microbiology-1985, American Society for Microbiology, pp. 229-232, Washington, 
(1985), which is incorporated by reference herein. Examples of methods for using 
retroviral vectors for gene therapy are described in U.S. Patent Nos. 4,868,1 16 and 
4,980,286; PCT applications WO 90/02806 and WO 89/07136; and Mulligan, (Science 

25 260:926-932 (1993)); the teachings of which are incorporated herein by reference. 

180. A retrovirus is essentially a package which has packed into it nucleic 
acid cargo. The nucleic acid cargo carries with it a packaging signal, which ensures that 
the replicated daughter molecules will be efficiently packaged within the package coat. 
In addition to the package signal, there are a number of molecules which are needed in 

30 cis, for the replication, and packaging of the replicated virus. Typically a retroviral 
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genome, contains the gag, pol, and env genes which are involved in the making of the 
protein coat. It is the gag, pol, and env genes which are typically replaced by the 
foreign DNA that it is to be transferred to the target cell. Retrovirus vectors typically 
contain a packaging signal for incorporation into the package coat, a sequence which 
5 signals the start of the gag transcription unit, elements necessary for reverse 

transcription, including a primer binding site to bind the tRNA primer of reverse 
transcription, terminal repeat sequences that guide the switch of RNA strands during 
DNA synthesis, a purine rich sequence 5* to the 3' LTR that serve as the priming site for 
the synthesis of the second strand of DNA synthesis, and specific sequences near the 

10 ends of the LTRs that enable the insertion of the DNA state of the retrovirus to insert 
into the host genome. The removal of the gag, pol, and env genes allows for about 8 kb 
of foreign sequence to be inserted into the viral genome, become reverse transcribed, 
and upon replication be packaged into a new retroviral particle. This amount of nucleic 
acid is sufficient for the delivery of a one to many genes depending on the size of each 

15 transcript. It is preferable to include either positive or negative selectable markers 
along with other genes in the insert. 

181. Since the replication machinery and packaging proteins in most 
retroviral vectors have been removed (gag, pol, and env), the vectors are typically 
generated by placing them into a packaging cell line. A packaging cell line is a cell line 

20 which has been transfected or transformed with a retrovirus that contains the replication 
and packaging machinery, but lacks any packaging signal. When the vector carrying 
the DNA of choice is transfected into these cell lines, the vector containing the gene of 
interest is replicated and packaged into new retroviral particles, by the machinery 
provided in cis by the helper cell. The genomes for the machinery are not packaged 

25 because they lack the necessary signals. 

(b) Adenoviral Vectors 

1 82. The construction of replication-defective adenoviruses has been 
described (Berkner et ah, J. Virology 61:1213-1220 (1987); Massie et al 9 Mol. Cell. 
Biol. 6:2872-2883 (1986); Haj-Ahmad et aL 9 J. Virology 57:267-274 (1986); Davidson 

30 et al 9 J. Virology 61 : 1226-1239 (1987); Zhang "Generation and identification of 
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recombinant adenovirus by liposome-mediated transfection and PCR analysis" 
BioTechniques 15:868-872 (1993)). The benefit of the use of these viruses as vectors 
is that they are limited in the extent to which they can spread to other cell types, since 
they can replicate within an initial infected cell, but are unable to form new infectious 
5 viral particles. Recombinant adenoviruses have been shown to achieve high efficiency 
gene transfer after direct, in vivo delivery to airway epithelium, hepatocytes, vascular 
endothelium, CNS parenchyma and a number of other tissue sites (Morsy, J. Clin. 
Invest 92:1580-1586 (1993); Kirshenbaum, J. Clin. Invest. 92:381-387 (1993); 
Roessler, J. Clin. Invest 92:1085-1092 (1993); Moullier, Nature Genetics 4:154-159 

10 (1993); La Salle, Science 259:988-990 (1993); Gomez-Foix, J. Biol. Chem. 

267:25129-25134 (1992); Rich, Human Gene Therapy 4:461-476 (1993); Zabner, 
Nature Genetics 6:75-83 (1994); Guzman, Circulation Research 73:1201-1207 (1993); 
Bout, Human Gene Therapy 5:3-10 (1994); Zabner, Cell 75:207-216 (1993); Caillaud, 
Eur. J. Neuroscience 5:1287-1291 (1993); and Ragot, J. Gen. Virology 74:501-507 

15 (1993)). Recombinant adenoviruses achieve gene transduction by binding to specific 
cell surface receptors, after which the virus is internalized by receptor-mediated 
endocytosis, in the same manner as wild type or replication-defective adenovirus 
(Chardonnet and Dales, Virology 40:462-477 (1970); Brown and Burlingham, J. 
Virology 12:386-396 (1973); Svensson and Persson, J. Virology 55:442-449 (1985); 

20 Seth, etaL, J. Virol. 51:650-655 (1984); Seth, etal. y Mol. Cell. Biol. 4:1528-1533 
(1984); Varga et aL, J. Virology 65:6061-6070 (1991); Wickham et aL, Cell 73:309- 
319(1993)). 

183. A viral vector can be one based on an adenovirus which has had the El 
gene removed and these virons are generated in a cell line such as the human 293 cell 

25 line. In another preferred embodiment both the El and E3 genes are removed from the 
adenovirus genome. 

(c) Adeno-asscociated viral vectors 

1 84. Another type of viral vector is based on an adeno-associated virus 
(AAV). This defective parvovirus is a preferred vector because it can infect many cell 

30 types and is nonpathogenic to humans. AAV type vectors can transport about 4 to 5 kb 
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and wild type AAV is known to stably insert into chromosome 19. Vectors which 
contain this site specific integration property are preferred. An especially preferred 
embodiment of this type of vector is the P4. 1 C vector produced by Avigen, San 
Francisco, CA, which can contain the herpes simplex virus thymidine kinase gene, 
5 HS V-tk, and/or a marker gene, such as the gene encoding the green fluorescent protein, 
GFP. 

185. In another type of AAV virus, the AAV contains a pair of inverted 
terminal repeats (ITRs) which flank at least one cassette containing a promoter which 
directs cell-specific expression operably linked to a heterologous gene. Heterologous in 

10 this context refers to any nucleotide sequence or gene which is not native to the AAV or 
B 19 parvovirus. 

1 86. Typically the AAV and B 1 9 coding regions have been deleted, resulting 
in a safe, noncytotoxic vector. The AAV ITRs, or modifications thereof, confer 
infectivity and site-specific integration, but not cytotoxicity, and the promoter directs 

15 cell-specific expression. United states Patent No. 6,261,834 is herein incorproated by 
reference for material related to the AAV vector. 

1 87. The disclosed vectors thus provide DNA molecules which are capable of 
integration into a mammalian chromosome without substantial toxicity. 

188. The inserted genes in viral and retroviral usually contain promoters, 
20 and/or enhancers to help control the expression of the desired gene product. A 

promoter is generally a sequence or sequences of DNA that function when in a 
relatively fixed location in regard to the transcription start site. A promoter contains 
core elements required for basic interaction of RNA polymerase and transcription 
factors, and may contain upstream elements and response elements. 
25 (d) Lentiviral vectors 

1 89. The vectors can be lentiviral vectors, including but not limited to, SIV 
vectors, HIV vectors or a hybrid construct of these vectors, including viruses with the 
HIV backbone. These vectors also include first, second and third generation 
lentiviruses. Third generation lenti viruses have lentiviral packaging genes split into at 

30 least 3 independent plasmids or constructs. Also vectors can be any viral family that 
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share the properties of these viruses which make them suitable for use as vectors. 
Lentiviral vectors are a special type of retroviral vector which are typically 
characterized by having a long incubation period for infection. Furthermore, lentiviral 
vectors can infect non-dividing cells. Lentiviral vectors are based on the nucleic acid 
5 backbone of a virus from the lentiviral family of viruses. Typically, a lentiviral vector 
contains the 5' and 3* LTR regions of a lentivirus, such as SIV and HIV. Lentiviral 
vectors also typically contain the Rev Responsive Element (RRE) of a lentivirus, such 
as SIV and HIV. 

(i) Feline immunodeficiency viral vectors 

10 190. One type of vector that the disclosed constructs can be delivered in is the 

VSV-G pseudotyped Feline Immunodeficiency Virus system developed by Poeschla et 
al Nature Med. (1998) 4:354-357 (Incororated by reference herein at least for material 
related to FIV vectors and their use). This lentivirus has been shown to efficiently 
infect dividing, growth arrested as well as post-mitotic cells. Furthermore, due to its 

15 lentiviral properties, it allows for incorporation of the transgene into the host's genome, 
leading to stable gene expression. This is a 3-vector system, whereby each confers 
distinct instructions: the FIV vector carries the transgene of interest and lentiviral 
apparatus with mutated packaging and envelope genes. A vesicular stomatitis virus G- 
glycoprotein vector (VSV-G; Burns et al., Proc. Natl. Acad. Sci. USA 90:8033-8037. 

20 1993) contributes to the formation of the viral envelope in traits. The third vector 

confers packaging instructions in trans (Poeschla et al. Nature Med. (1998) 4:354-357). 
FIV production is accomplished in vitro following co-transfection of the 
aforementioned vectors into 293-T cells. The FIV-rich supernatant is then collected, 
filtered and can be used directly or following concentration by centrifugation. Titers 

25 routinely range between 10 4 — 10 7 bfu/ml.. 

(e) Packaging vectors 

191. As discussed above, retroviral vectors are based on retroviruses which 
contain a number of different sequence elements that control things as diverse as 
integration of the virus, replication of the integrated virus, replication of un-integrated 
30 virus, cellular invasion, and packaging of the virus into infectious particles. While the 
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vectors in theory could contain all of their necessary elements, as well as an exogenous 
gene element (if the exogenous gene element is small enough) typically many of the 
necessary elements are removed. Since all of the packaging and replication 
components have been removed from the typical retroviral, including lentiviral, vectors 
5 which will be used within a subject, the vectors need to be packaged into the initial 
infectious particle through the use of packaging vectors and packaging cell lines. 
Typically retroviral vectors have been engineered so that the myriad functions of the 
retrovirus are separated onto at least two vectors, a packaging vector and a delivery 
vector. This type of system then requires the presence of all of the vectors providing all 

10 of the elements in the same cell before an infectious particle can be produced. The 
packaging vector typically carries the structural and replication genes derived from the 
retrovirus, and the delivery vector is the vector that carries the exogenous gene element 
that is preferably expressed in the target cell. These types of systems can split the 
packaging functions of the packaging vector into multiple vectors, e.g., third-generation 

15 lentivirus systems. Dull, T. et al., "A Third-generation lentivirus vector with a 
conditional packaging system"J. Virol 72(1 1):8463-71 (1998) 

192. Retroviruses typically contain an envelope protein (env). TheEnv 
protein is in essence the protein which surrounds the nucleic acid cargo. Furthermore 
cellular infection specificity is based on the particular Env protein associated with a 

20 typical retrovirus. In typical packaging vector/delivery vector systems, the Env protein 
is expressed from a separate vector than for example the protease (pro) or integrase (in) 
proteins. 

(f) Packaging cell lines 

1 93 . The vectors are typically generated by placing them into a packaging cell 
25 line. A packaging cell line is a cell line which has been transfected or transformed with 

a retrovirus that contains the replication and packaging machinery, but lacks any 
packaging signal. When the vector carrying the DNA of choice is transfected into these 
cell lines, the vector containing the gene of interest is replicated and packaged into new 
retroviral particles, by the machinery provided in cis by the helper cell. The genomes 
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for the machinery are not packaged because they lack the necessary signals. One type 
of packaging cell line is a 293 cell line. 

(g) Large payload viral vectors 

194. Molecular genetic experiments with large human herpesviruses have 
5 provided a means whereby large heterologous DNA fragments can be cloned, 

propagated and established in cells permissive for infection with herpesviruses (Sun et 
al, Nature genetics 8: 33-41, 1994; Cotter and Robertson,.Curr Opin Mol Ther 5: 633- 
644, 1999). These large DNA viruses (herpes simplex virus (HSV) and Epstein-Barr 
virus (EBV), have the potential to deliver fragments of human heterologous DNA > 150 

10 kb to specific cells. EBV recombinants can maintain large pieces of DNA in the 

infected B-cells as episomal DNA. Individual clones carried human genomic inserts up 
to 330 kb appeared genetically stable The maintenance of these episomes requires a 
specific EBV nuclear protein^ EBNA1, constitutively expressed during infection with 
EBV. Additionally, these vectors can be used for transfection, where large amounts of 

15 protein can be generated transiently in vitro. Herpesvirus amplicon systems are also 
being used to package pieces of DNA > 220 kb and to infect cells that can stably 
maintain DNA as episomes. 

195. Other useful systems include, for example, replicating and host- 
restricted non-replicating vaccinia virus vectors. 

20 (2) Non-nucleic acid based systems 

196. The disclosed compositions can be delivered to the target cells in a 
variety of ways. For example, the compositions can be delivered through 
electroporation, or through lipofection, or through calcium phosphate precipitation. 
The delivery mechanism chosen will depend in part on the type of cell targeted and 

25 whether the delivery is occurring for example in vivo or in vitro. 

197. Thus, the compositions can comprise, in addition to the disclosed 
nucleic acids or vectors for example, lipids such as liposomes, such as cationic 
liposomes (e.g., DOTMA, DOPE, DC-cholesterol) or anionic liposomes. Liposomes 
can further comprise proteins to facilitate targeting a particular cell, if desired. 

30 Administration of a composition comprising a compound and a cationic liposome can 
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be administered to the blood afferent to a target organ or inhaled into the respiratory 
tract to target cells of the respiratory tract. Regarding liposomes, see, e.g., Brigham et 
al Am. J. Resp. Cell. Mol. Biol 1:95-100 (1989); Feigner et ah Proc. Natl. Acad. Sci 
USA 84:7413-7417 (1987); U.S. Pat. No.4,897,355. Furthermore, the compound can 
5 be administered as a component of a microcapsule that can be targeted to specific cell 
types, such as macrophages, or where the diffusion of the compound or delivery of the 
compound from the microcapsule is designed for a specific rate or dosage. 

198. In the methods described above which include the administration and 
uptake of exogenous DNA into the cells of a subject (i.e., gene transduction or 

10 transfection), delivery of the compositions to cells can be via a variety of mechanisms. 
As one example, delivery can be via a liposome, using commercially available liposome 
preparations such as Lff OFECTIN, LIPOFECTAMINE (GDBCO-BRL, Inc., 
Gaithersburg, MD), SUPERFECT (Qiagen, Inc. Hilden, Germany) and 
TRANSFECTAM (Promega Biotec, Inc., Madison, WI), as well as other liposomes 

15 developed according to procedures standard in the art. In addition, the disclosed 

nucleic acid or vector can be delivered in vivo by electroporation, the technology for 
which is available from Genetronics, Inc. (San Diego, CA) as well as by means of a 
SONOPORATION machine (LnaRx Pharmaceutical Corp., Tucson, AZ). 

199. The materials may be in solution, suspension (for example, incorporated 
20 into microparticles, liposomes, or cells). These may be targeted to a particular cell type 

via antibodies, receptors, or receptor ligands. The following references are examples of 
the use of this technology to target specific proteins to tumor tissue (Senter, et al. 9 
Bioconjugate Chem., 2:447-451, (1991); Bagshawe, K.D., Br. J. Cancer, 60:275-281, 
(1989); Bagshawe, et al., Br. J. Cancer, 58:700-703, (1988); Senter, et al, Bioconjugate 

25 Chem., 4:3-9, (1993); Battelli, et al, Cancer Immunol. Immunother., 35:421-425, 

(1992); Pietersz and McKenzie, Immunolog. Reviews, 129:57-80, (1992); and Roffler, 
et al, Biochem. Pharmacol, 42:2062-2065, (1991)). These techniques can be used for a 
variety of other speciifc cell types. Vehicles such as "stealth" and other antibody 
conjugated liposomes (including lipid mediated drug targeting to colonic carcinoma), 

30 receptor mediated targeting of DNA through cell specific ligands, lymphocyte directed 
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tumor targeting, and highly specific therapeutic retroviral targeting of murine glioma 
cells in vivo. The following references are examples of the use of this technology to 
target specific proteins to tumor tissue (Hughes et al, Cancer Research, 49:6214-6220, 
(1989); and Litzinger and Huang, Biochimica et Biophysica Acta, 1 104:179-187, 
5 (1992)). In general, receptors are involved in pathways of endocytosis, either 

constitutive or ligand induced. These receptors cluster in clathrin-coated pits, enter the 
cell via clathrin-coated vesicles, pass through an acidified endosome in which the 
receptors are sorted, and then either recycle to the cell surface, become stored 
intracellularly, or are degraded in lysosomes. The internalization pathways serve a 

10 variety of functions, such as nutrient uptake, removal of activated proteins, clearance of 
macromolecules, opportunistic entry of viruses and toxins, dissociation and degradation 
of ligand, and receptor-level regulation. Many receptors follow more than one 
intracellular pathway, depending on the cell type, receptor concentration, type of ligand, 
ligand valency, and ligand concentration. Molecular and cellular mechanisms of 

15 receptor-mediated endocytosis has been reviewed (Brown and Greene, DNA and Cell 
Biology 10:6, 399-409 (1991)). 

200. Nucleic acids that are delivered to cells which are to be integrated into 
the host cell genome, typically contain integration sequences. These sequences are 
often viral related sequences, particularly when viral based systems are used. These 

20 viral intergration systems can also be incorporated into nucleic acids which are to be 
delivered using a non-nucleic acid based system of deliver, such as a liposome, so that 
the nucleic acid contained in the delivery system can be come integrated into the host 
genome. 

201 . Other general techniques for integration into the host genome include, 
25 for example, systems designed to promote homologous recombination with the host 

genome. These systems typically rely on sequence flanking the nucleic acid to be 
expressed that has enough homology with a target sequence within the host cell genome 
that recombination between the vector nucleic acid and the target nucleic acid takes 
place, causing the delivered nucleic acid to be integrated into the host genome. These 
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systems and the methods necessary to promote homologous recombination are known 
to those of skill in the art. 

(3) In vivo/ex vivo 

202. As described above, the compositions can be administered in a 

5 pharmaceutical^ acceptable carrier and can be delivered to the subject's cells in vivo 
and/or ex vivo by a variety of mechanisms well known in the art (e.g., uptake of naked 
DNA, liposome fusion, intramuscular injection of DNA via a gene gun, endocytosis and 
the like). 

203. If ex vivo methods are employed, cells or tissues can be removed and 

10 maintained outside the body according to standard protocols well known in the art. The 
compositions can be introduced into the cells via any gene transfer mechanism, such as, 
for example, calcium phosphate mediated gene delivery, electroporation, microinjection 
or proteoliposomes. The transduced cells can then be infused (e.g., in a 
pharmaceutical^ acceptable carrier) or homotopically transplanted back into the subject 
15 per standard methods for the cell or tissue type. Standard methods are known for 
transplantation or infusion of various cells into a subject. 
3. Transgenic Mice Models 

a) Methods of Producing Transgenic Animals 

204. The nucleic acids and vectors provided herein can be used to produce 
20 excision transgenic, or XAT, animals. Various methods are known for producing a 

transgenic animal. In one method, an embryo at the pronuclear stage (a "one cell 
embryo") is harvested from a female and the transgene is microinjected into the 
embryo, in which case the transgene will be chromosomally integrated into the germ 
cells and somatic cells of the resulting mature animal. In another method, embryonic 

25 stem cells are isolated and the transgene is incorporated into the stem cells by 
electroporation, plasmid transfection or microinjection; the stem cells are then 
reintroduced into the embryo, where they colonize and contribute to the germ line. 
Methods for microinjection of polynucleotides into mammalian species are described, 
for example, in U.S. Pat No. 4,873,191, which is incorporated herein by reference. In 

30 yet another method, embryonic cells are infected with a retrovirus containing the 
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transgene, whereby the germ cells of the embryo have the transgene chromosomally 
integrated therein. When the animals to be made transgenic are avian, microinjection 
into the pronucleus of the fertilized egg is problematic because avian fertilized ova 
generally go through cell division for the first twenty hours in the oviduct and, 
5 therefore, the pronucleus is inaccessible. Thus, the retrovirus infection method is 
preferred for making transgenic avian species (see U.S. Pat. No. 5,162,215, which is 
incorporated herein by reference). If microinjection is to be used with avian species, 
however, the embryo can be obtained from a sacrificed hen approximately 2.5 hours 
after the laying of the previous laid egg, the transgene is microinjected into the 

10 cytoplasm of the germinal disc and the embryo is cultured in a host shell until maturity 
(Love et al, Biotechnology 12, 1994). When the animals to be made transgenic are 
bovine or porcine, microinjection can be hampered by the opacity of the ova, thereby 
making the nuclei difficult to identify by traditional differential interference-contrast 
microscopy. To overcome this problem, the ova first can be centrifiiged to segregate the 

15 pronuclei for better visualization. 

205. The transgene can be introduced into embryonal target cells at various 
developmental stages, and different methods are selected depending on the stage of 
development of the embryonal target cell. The zygote is the best target for 
microinjection. The use of zygotes as a target for gene transfer has a major advantage in 

20 that the injected DNA can incorporate into the host gene before the first cleavage 

(Brinster et al., Proc. Natl. Acad. Sci., USA 82:4438-4442, 1985). As a consequence, 
all cells of the transgenic non-human animal carry the incorporated transgene, thus 
contributing to efficient transmission of the transgene to offspring of the founder, since 
50% of the germ cells will harbor the transgene. 

25 206. A transgenic animal can be produced by crossbreeding two chimeric 

animals, each of which includes exogenous genetic material within cells used in 
reproduction. Twenty-five percent of the resulting offspring will be transgenic animals 
that are homozygous for the exogenous genetic material, 50% of the resulting animals 
will be heterozygous, and the remaining 25% will lack the exogenous genetic material 

30 and have a wild type phenotype. 
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207. In the microinjection method, the transgene is digested and purified free 
from any vector DNA, for example, by gel electrophoresis. The transgene can include 
an operatively associated promoter, which interacts with cellular proteins involved in 
transcription, and provides for constitutive expression, tissue specific expression, 

5 developmental stage specific expression, or the like. Such promoters include those from 
cytomegalovirus (CMV), Moloney leukemia virus (MLV), and herpes virus, as well as 
those from the genes encoding metallothionein, skeletal actin, Phosphenolpyruvate 
carboxylase (PEPCK), phosphoglycerate (PGK), dihydrofolate reductase (DHFR), and 
thymidine kinase (TK). Promoters from viral long terminal repeats (LTRs) such as 

10 Rous sarcoma virus LTR also can be employed. When the animals to be made 

transgenic are avian, preferred promoters include those for the chicken [bgr]-globin 
gene, chicken lysozyme gene, and avian leukosis virus. Constructs useful in plasmid 
transfection of embryonic stem cells will employ additional regulatory elements, 
including, for example, enhancer elements to stimulate transcription, splice acceptors, 

15 termination and polyadenylation signals, ribosome binding sites to permit translation, 
and the like. 

208. In the retroviral infection method, the developing non-human embryo 
can be cultured in vitro to the blastocyst stage. During this time, the blastomeres can be 
targets for retroviral infection (Jaenich, Proc. Natl. Acad. Sci. USA 73:1260-1264, 

20 1976). Efficient infection of the blastomeres is obtained by enzymatic treatment to 

remove the zona pellucida (Hogan et al., Manipulating the Mouse Embryo (Cold Spring 
Harbor Laboratory Press, 1986). The viral vector system used to introduce the transgene 
is typically a replication-defective retrovirus carrying the transgene (Jahner et al., Proc. 
Natl. Acad." Sci., USA 82:6927-6931, 1985; Van der Putten et al., Proc. Natl. Acad. Sci. 

25 USA 82:6148-6152, 1985). Transfection is easily and efficiently obtained by culturing 
the blastomeres on a monolayer of virus producing cells (V an der Putten et al., supra, 
1985; Stewart et al., EMBO J. 6:383-388, 1987). Alternatively, infection can be 
performed at a later stage. Virus or virus-producing cells can be injected into the 
blastocoele (Jahner et al., Nature 298:623-628, 1982). Most of the founders will be 

30 mosaic for the transgene since incorporation occurs only in a subset of the cells which 
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formed the transgenic nonhuman animal. Further, the founder can contain various 
retroviral insertions of the transgene at different positions in the genome, which 
generally will segregate in the offspring. In addition, it is also possible to introduce 
transgenes into the germ line, albeit with low efficiency, by intrauterine retroviral 
5 infection of the mid-gestation embryo (Jahner et al., supra, 1982). 

209. Embryonal stem cell (ES) also can be targeted for introduction of the 
transgene. ES cells are obtained from pre-implantation embryos cultured in vitro and 
fused with embryos (Evans et al. Nature 292:154-156, 1981 ; Bradley et al., Nature 
309:255-258, 1984; Gossler et al., Proc. Natl. Acad. Sci., USA 83:9065-9069, 1986; 
10 Robertson et al., Nature 322:445-448, 1986). Transgenes can be efficiently introduced 
into the ES cells by DNA transfection or by retrovirus mediated transduction. Such 
transformed ES cells can thereafter be combined with blastocysts from a nonhuman 
animal. The ES cells thereafter colonize the embryo and contribute to the germ line of 
the resulting chimeric animal (see Jaenisch, Science 240:1468^1474, 1988). 
15 210. Founder" generally refers to a first transgenic animal, which has been 

obtained from any of a variety of methods, e.g., pronuclei injection. 

211. An "inbred animal line" is intended to refer to animals which are 
genetically identical at all endogenous loci. 

b) Crosses 

20 212. It is understood that the animals provided herein can be crossed with 

other animals. For example, wherein the provided animals are mice, they can be crossed 
with Alzheimer's Mice to study the effects of inflammatory mediators, e.g. IL-ip, on 
Alzheimer's disease. The association between A(J deposition and inflammatory changes 
is reinforced by studies of transgenic mice harboring familial AD mutant genes. In 

25 transgenic mice expressing the Swedish APP mutation (Tg2576, APPk6ton,m67il; 

hereafter referred to as APPsw), microglial activation is intimately related to amyloid 
plaque deposition, with measures of both microglial size and activated microglial 
density being highest in the immediate vicinity of Ap deposits [Frautschy, S.A, et al 
Am. J. Pathol. (1998) 152:307-317]. These mice accumulate AP deposits over a 

30 protracted period of time, with plaques and glial changes becoming prominent after one 
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year of age [Hsiao, K., P. Chapman, S. Nilsen, C. Eckman, Y. Harigaya, S. Younkin, F. 
Yang and G. Cole. Science (1996) 274:99402]. Although other AD mouse models are 
available, the APPsw mice have been extensively characterized and offer an excellent 
resource for investigating mechanisms involved in A(J deposition or A0 induced 
5 inflammatory changes. 

213. Examples of other transgenic animals for which it would be 
advantageous to cross with the provided transgenic animals include, but are not limited 
to, COX Null Mice, 3xTg mice for Alzheimers disease [Oddo S, et al. Neuron. 2003 
Jul 31;39(3):409-21], COLlal-Cre mice. 

10 4. Processes for making the compositions 

214. Disclosed are processes for making the compositions as well as making 
the intermediates leading to the compositions. There are a variety of methods that can 
be used for making these compositions, such as synthetic chemical methods and 
standard molecular biology methods. It is understood that the methods of making these 

15 and the other disclosed compositions are specifically disclosed. 

215. Disclosed are nucleic acid molecules produced by the process 
comprising linking in an operative way a nucleic acid comprising the sequence set forth 
herein and a sequence controlling the expression of the nucleic acid, 

216. Also disclosed are nucleic acid molecules produced by the process 

20 comprising linking in an operative way a nucleic acid molecule comprising a sequence 
having 80% identity to a sequence set forth herein, and a sequence controlling the 
expression of the nucleic acid. 

217. Disclosed are nucleic acid molecules produced by the process 
comprising linking in an operative way a nucleic acid molecule comprising a sequence 

25 that hybridizes under stringent hybridization conditions to a sequence set forth herein 
and a sequence controlling the expression of the nucleic acid. 

218. Disclosed are nucleic acid molecules produced by the process 

. comprising linking in an operative way a nucleic acid molecule comprising a sequence 
encoding a peptide set forth herein and a sequence controlling an expression of the 
30 nucleic acid molecule. 
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219. Disclosed are nucleic acid molecules produced by the process 
comprising linking in an operative way a nucleic acid molecule comprising a sequence 
encoding a peptide having 80% identity to a peptide set forth herein and a sequence 
controlling an expression of the nucleic acid molecule. 

5 220. Disclosed are nucleic acids produced by the process comprising linking 

in an operative way a nucleic acid molecule comprising a sequence encoding a peptide 
having 80% identity to a peptide set forth herein wherein any change from the 
sequences set forth herein are conservative changes and a sequence controlling an 
expression of the nucleic acid molecule. 

10 221 . Disclosed are cells produced by the process of transforming the cell with 

any of the disclosed nucleic acids. Disclosed are cells produced by the process of 
transforming the cell with any of the non-naturally occurring disclosed nucleic acids. 

222. Disclosed are any of the disclosed peptides produced by the process of 
expressing any of the disclosed nucleic acids. Disclosed are any of the non-naturally 

1 5 occurring disclosed peptides produced by the process of expressing any of the disclosed 
nucleic acids. Disclosed are any of the disclosed peptides produced by the process of 
expressing any of the non-naturally disclosed nucleic acids. 

223. Disclosed are animals produced by the process of transfecting a cell 
within the animal with any of the nucleic acid molecules disclosed herein. Disclosed 

20 are animals produced by the process of transfecting a cell within the animal any of the 
nucleic acid molecules disclosed herein, wherein the animal is a mammal. Also 
disclosed are animals produced by the process of transfecting a cell within the animal 
any of the nucleic acid molecules disclosed herein, wherein the mammal is mouse, rat, 
rabbit, cow, sheep, pig, or primate. 
25 224. Also disclose are animals produced by the process of adding to the 

animal any of the cells disclosed herein. 

D. Methods of using the compositions 

1. Methods of using the compositions as research tools 
225. The disclosed compositions can be used as discussed herein as either 
30 reagents in micro arrays or as reagents to probe or analyze existing microarrays. The 
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disclosed compositions can be used in any known method for isolating or identifying 
single nucleotide polymorphisms. The compositions can also be used in any known 
method of screening assays, related to chip/micro anrays. The compositions can also be 
used in any known way of using the computer readable embodiments of the disclosed 
5 compositions, for example, to study relatedness or to perform molecular modeling 
analysis related to the disclosed compositions. 

2. Methods of using the animal models 

226. The disclosed animal models are designed such that they have an 
inflammation related molecule whose expression is controlled by a tissue specific or 

10 temporally specific promoter, and the promoter and its activity are typically silent until 
typically activation of the promoter by removal of a stop sequence, for example, 
upstream of the promoter. The removal of the stop sequence, for example, occurs 
typically in the presense of a recombinase such as Cre, because the stop sequence is 
flanked by recombination sites, such as flox sites. Thus, disclosed are animals that have 

1 5 had germline transmission of one or more of the disclosed nucleic acids. These animals 
are then placed in the presence of the cognate recombinase in such a way that the 
recombinase can activate the construct 

227 . The recombinase can be delivered in a variety of ways including somatic 
gene transfer of a vector encoding the recombinase, such as Cre, crossing with a mouse 

20 that contains a germline expressing Cre, which for example is under the control of a 
tissue specific or temporally specific promoter (it could also be constitutive), or by 
delivery of Cre itself. 

228. For example, the disclosed Cre producing vectors can be directly 
injected into, for example, the brain, to activate the nueral specific promoter generation 

25 of the encoded inflammation related molecule or the Cre producing vectors can be 
injected in a particular joint, such as the temoral mandibular joint or a knee joint for 
activation of the bone or collagen specific promoter generation of the encoded 
inflammation related molecule. (See Figures) 

229. The disclosed models can be used for a variety of purposes including the 
30 identification of molecules that modulate the effect of the encoded infl a mm ation related 
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molecule or the inflammation reaction in the model. The disclosed models can also be 
used to test or verify the effects of a variety of molecules that modulate the effect of the 
inflammation related molecule or the inflammation reaction in the model. 
230. The models can also be crossed with other models. 
5 23 1 . It is understood that the disclosed animals include models for arthritis, 

Alzheimer's, and Parkinson's diseases, as well as inflammatory diseases of the skin . 
E. Examples 

232. The following examples are put forth so as to provide those of ordinary 
skill in the art with a complete disclosure and description of how the compounds, 
10 compositions, articles, devices and/or methods claimed herein are made and evaluated, 
and are intended to be purely exemplary and are not intended to limit the disclosure. 
Efforts have been made to ensure accuracy with respect to numbers (e.g., amounts, 
temperature, etc.), but some errors and deviations should be accounted for. Unless 
indicated otherwise, parts are parts by weight, temperature is in °C or is at ambient 
15 temperature, and pressure is at or near atmospheric. 

1. Example 1; IL-ip constructs related to COLLI Al promoters 
a) Methods 

(1) Construction of an inducible Interleukin-lp 
transgene-IL-ip^ 7 

20 233. The human IL-1 p cDNA was cloned from human U937 cells (ATCC, 

Manassas VA) by polymerase chain reaction (PCR) as follows: Total mRNA was 
extracted employing the TRIzol® reagent (Invitrogen, Carlsbad CA) per manufacturer's 
instructions. PCR primers were designed for the amplification of the portion of the 
cDNA that corresponds to the mature, secreted IL-lp protein. The peptide secretion 

25 signal (ss) of the human IL-1 receptor antagonist gene (EL1-RA) was incorporated into 
the upper PCR primer, upstream to the IL-ip open reading frame (ORF), to ensure 
proper compartmentalization and secretion of the transgenic IL-ip peptide [Wingren 
AG, etal (1996). Cell Immunol 169:226-37]. This PCR-synthesized ss-ILip fusion 
construct was cloned directly into the TOPO 2.1 vector (Invitrogen) per manufacturer's 

30 instructions. Subsequently, the cell autonomous and gratuitous P-galactosidase reporter 
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gene (lacZ) was inserted down-stream to the IL-lp ORF, followed by the bovine 
growth hormone poly A tail (pA) sequence: ssIL-1 p-IRES-lacZ bicistronic gene (Figure 
1). 

234. Translation of the second ORF, lacZ, is facilitated by an internal 
5 ribosomal entry sequence (IRES) [Havenga MJ, et al (1 998) Gene, 222:3 1 9-27; 

Kyikanides S, et al (2003). Mol Ther 8: 790-95]. During the initial stages of 
experimentation, expression of the bicistronic ssEL-lp-IRES-lacZ transgene was 
ubiquitously driven by the cytomegalovirus promoter (CMV), the transcription of 
which was inhibited by a loxP-flanked (floxed) transcriptional termination cassette 

10 STOP 1 ™ [Srinivas S, et al (2002) BMC Develop Biol 1:4-11]. Transcriptional 
activation and transgene expression can be turned-on by loxP-directed DNA 
recombination mediate by the bacteriophage PI Cre recombinase (Cre/loxP system) 
[Sternberg N and Hamilton D (1981J. JMolBiol 150: 467-86]. 

(2) Cre-mediated activation of the inducible IL-ip** 7 

15 transgene 

23 5 . The function of IL- 1 p** 7 was tested in vitro by two different 
experimental strategies. First, IL-ip™ 7 regulation by Cre recombinase was evaluated in 
NTH 3T3 murine fibroblasts (ATCC) in vitro. The IL-lp** 7 gene was transiently co- 
expressed with the wild type cre gene (cloned into the expression vector pRc/CMV- 

20 Cre™ 7 ; Invitrogen) following transient transfection using the Lipofectamine 2000 
reagent (Invitrogen) per manufacturer's instructions. As anticipated, transient 
expression of Cre recombinase resulted in loxP-directed DNA recombination of IL- 
lp** 7 and excision of the "floxed" transcriptional termination signal ►STOP^, 
ultimately leading to gene activation. Control conditions included co-transfection of IL 

25 1 P** 7 with the expression vector pRc/CMV- (lacking any gene), as well as naive NTH 
3T3 cells. IL-lp expression was assessed at the mRNA level by reverse transcriptase 
PCR (RT-PCR), and lacZ expression was evaluated by X-gal histochemistry. No TL-ip 
transcript was detected in naive NTH 3T3 cells; in contrast, IL-1 p^ 7 + Cre co- 
transfection resulted in induction of ssIL-ip and lacZ gene expression (Figure 2). 
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236. In addition, IL-lp** 1 function was evaluated in the inducible Cre 
recombinase cell line, 293H GLVP/CrcPr , a stable cell line recently developed for testing the 
regulation of excisionally-activated genes utilizing the Cre/loxP technology 
[Kyrkanides S, et al (2003). Mol Ther 8: 790-95]. This represents an inducible, loxP- 

5 directed DNA recombination system in which Cre recombinase was placed under dual 
transcriptional and post-translational control. The system is comprised of two 
components: (1) the chimeric transcriptional activator GLVP and (2) the CrePr fusion 
protein, which consists of the bacterial Cre recombinase and the mutated progesterone 
receptor hPR891 gene, driven by a custom GAL4s/TATA minimal promoter. The 

10 mutated hPR891 receptor is highly sensitive to the synthetic progesterone compound 
mifepristone (RU486): Binding of RU486 to hPR891 results in activation of GLVP and 
subsequent synthesis of CrePr, the activity of which is also turned-on by RU486 at the 
post-translational level. RU486 administration to 293H GLVP/CrePr cells following IL- 
ip** 1 transfection resulted in DNA excisional recombination and subsequent 

15 expression of human IL-1 p and the bacterial p-galactosidase reporter gene (lacZ). 
Please refer to Figure 3 for summary of the experiment. 

(3) IL-ip^ 7 activation produces a biologically potent 
IL-ip cytokine 

237. The ability of murine cells to synthesize and secrete biologically active 
20 IL-ip cytokine was tested in vitro as follows. In an experiment similar to that described 

in Figure 2, above, murine NIH 3T3 fibroblasts were transfected with the DL-1 p™ T 
gene. Concomitantly, Cre recombinase was transiently expressed in these cells (co- 
transfection of the pRc/CMV-Cre^ vector), and the conditioned supernatant media 
were collected at 72 hours. The presence of human IL-ip was confirmed by ELISA. 

25 The conditioned media were then placed on naive murine fibroblasts, and levels of the 
inducible cyclooxygenase COX-2 were evaluated as a measure of cytokine potency by 
quantitative RT-PCR in total mRNA extracts using protocols previously described 
[HavengaMJ, et al (1998). Gene. 222:319-27; Kyrkanides S, et al (2003). Mol Ther 8: 
790-95; Srinivas S, et al (2002). BMC Develop Biol 1 :4-l 1 ; and Sternberg N and 

30 Hamilton D (1 981). J Mol Biol 150: 467-86]. Control experimental conditions included 



— 75 — 



WO 2006/053343 



PCT/US2005/042058 



conditioned media derived from cells co-transfected with the pRc/CMV- backbone 
vector (lacking the cre gene) along with the JL-ip^ 1 " gene, as well as naive cells. In 
brief; murine fibroblasts treated with conditioned medium collected from Cre-activated 
IL-ip^ cells resulted in significant COX-2 induction compared to cells exposed to 
5 media derived from pRc/CMV-treated or naive cells. Please see Figure 4 for a summary 
of the experiment. 

(4) The COLLlAl promoter drives IL-ip** 1 
expression to collagen I producing cells 

238. Temporally and spatially controlled expression of IL-1 p in mice is 

10 accomplished by targeting IL-1 p** 7 transgene expression to chondrocytes, osteocytes 
and fibroblasts by the 3.6 Kb promoter of the Al chain of pro-collagen 1 gene. This 
promoter has been shown to target gene expression in bone and cartilage [Krebsbach 
PH, et al (1993). Mol Cell Biol 13: 5168-74] and was cloned in the IL-ip™ 7 gene in 
place of the CMV promoter (Figure 1): 

15 (COLLI Al-ILip™ 7 ) COLLlAl r*>STOP>-ssILip-IRES-lacZ 

239. This transgene was constructed and tested in a murine NIH 3T3 stable 
cell line following expression of Cre recombinase by the transient transfection of the 
pRc/CMV-Cre^ 1 " expression vector or after infection by the lentiviral vector 
HIV(nlsCre). As anticipated, expression of Cre recombinase led to transgene activation 

20 and IL-1 p expression. Please refer to Figure 5 for summary of the experiment 

(5) BL-ip induces down-stream inflammation-related 
genes 

240. IL-1 P is a multi-potent pro-inflammatory cytokine, the expression of 
which is rapidly upregulated following trauma and/or inflammation. Moreover, a 

25 plethora of inflammation-related genes are in turn induced by IL-1 p, leading to 
exacerbation of the inflammatory response. The role of DL-ip in regulating down- 
stream inflammatory genes, including the inducible isoform of cyclooxygenase (COX- 
2) and the intercellular adhesion molecule-1 (ICAM-1), the monocyte chemoattractant 
protein-1 (MCP-1), as well as collagenases A (MMP-2) and B (MMP-9) has been 

30 previously examined. ICAM-1 and MCP-1 are molecules associated with the 
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recruitment of circulating immune cells at the site of injury (i.e. neutrophils and 
monocytes, respectively), whereas MMP-2 and MMP-9 are collagenases associated 
with tissue distraction during arthritis and injury. 

241. In previous studies [Kyrkanides S, et ah (2003). Mol Ther 8: 790-95], rat 
endothelial cells were employed as a representative rodent model to investigate the 
effects of IL-ip on the regulation of ICAM-1, MCP-1, MMP-2 and MMP-9 at the 
transcriptional level (mRNA) as well as the enzyme activity level (zymography). Figure 
6 summarizes the regulation of these genes over time. IL-ip upregulated the synthesis 
of COX-2, MCP-1, ICAM-1 and the inducible collagenase B (MMP-9). As anticipated, 
mRNA levels of the constitutive collagenase B (MMP-2) were not altered by IL-ip, but 
interestingly MMP-2 enzyme activity also increased with time, presumably due to post- 
translational activation from other MMPs. 

(6) Non-steroidal anti-inflammatory drugs 

242. Non-steroidal anti-inflammatory drugs (NS AIDS) are inhibitors of 
cyclooxygenase, a rate-limiting enzyme in the production of prostaglandins. 
Mdomethacin, a prototype NS AID often employed in laboratory studies as well as in the 
hospital setting, has been evaluated for the potential to modulate the inflammatory 
response elicited by pro-inflammatory cytokines, such as IL-ip. To this end, rodent 
cells were utilized as a model to study the interaction between IL-ip and indomethacin 
in vitro [Kyrkanides S, et al (2000). Am J Orthod Dentofac Orthop 118: 203-09]. 
Results suggested that the representative NSAE) indomethacin further exacerbated the 
expression of inflammatory mediators induced by IL-lp (Figure 7), and raised 
questions about the appropriateness of NSAID administration to patients after tissue 
injury. 

(7) Behavioral assessment of orofacial pain 

243 . Based on the Pain adaptation model, methods are disclosed for the 
assessment of pain from the TMJ by measuring changes in resistance to mouth opening 
as well as electromyographic activity (EMG). Please see Figures 8 and 9 for more 
details. 

(8) Development of an IL-1 P somatic mosaic model 
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244. Sustained IL-ip expression by collagen 1 -producing cells, including 
fibroblasts, chondrocyte and osteocytes, is expected to result in a mouse model of TMJ 
arthrosis and dysfunction. IL1 p** 7 regulation is controlled in a temporal (time) and 
spatial (location) fashion by the Cre/loxP molecular genetic method utilizing (1) a 

5 germline transmitted recombinational substrate (COLLI -IL1 p** 1 ) containing a dormant 
transcription unit and (2) somatic gene transfer of a viral vector that expresses Cre 
recombinase which "activates" the gene of interest. 

245. Activation of the dormant COLLI- IL1 P** 7 can be mediated by the 
transfer of Cre recombinase to the area of interest (TMJ) via a self-inactivating Cre 

10 feline immunodeficiency virus FlV(Cre). The effects of this FTY vector system have 
been previously examined using the reporter gene lacZ (P-galactosidase) in mice that 
received intra-articular injections of a viral solution [Kyrkanides S, et al (2004). J 
Dental Res 83: 65-70], wherein transduction of soft (articular disc) and hard (cartilage) 
TMJ tissues was demonstrated. The FIV(Cre)vector has been constructed by cloning a 

15 loxP-flanked ("floxed") nlsCre cassette in the place of the lacZ gene; the nuclear 
localization signal (nls) was fused to the cre open reading frame by PCR and 
subsequently cloned into the TOPO 2.1 vector (Invitrogen) per manufacturer's 
instructions employing a custom-made floxed cloning cassette. The reason for 
developing a self-inactivating cre gene is based on a recent paper [Pfeifer A and 

20 Brandon EP, Kootstra Neeltje, Gage FH, Verma 1M (2001). Proc Natl Acad Sci U.S.A. 
98: 1 1450-5], whereby the authors reported cytotoxicity due to prolonged expression of 
Cre recombinase mediated by infection using a lentiviral vector. In the provided 
construct, upon production of adequate levels of Cre recombinase to produce excisional 
activation of COLL1-IL1 p** 7 following successful transduction of target cells with 

25 FTV(Cre), Cre is anticipated to de-activate the cre gene by loxP-directed self excisional 
recombination. This strategy is anticipated to result in activation of COLLI- ELip** 7 by 
FlV(Cre) avoiding any cytotoxic effects from Cre. Please see Figure 10. 
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b) Characterize the effects of IL-1 p induction in the 
temporomandibular joint 

246. In order to document the role of IL-1 p in the development of TMJ 
arthritis, a transgenic (Tg) mouse harboring IL-lp** 7 can be evaluated. Successful gene 

5 induction can be determined by an ability to induce sustained secretion of mature IL- 
ip in the murine TMJ following FTV(Cre) injection into the joint space and subsequent 
recombinational IL-lp** 7 activation. HV(LacZ), an identical lentiviral vector carrying 
the reporter gene lacZ instead of cre can serve as a control vector. Expression of IL-1 P 
and other inflammatory mediators associated with arthritis can be spatially 
10 characterized in the TMJ. In addition, degenerative changes in the soft and hard tissues 
of the TMJ can be investigated at the gross and microscopic level 

(1) Characterize the activation of COLL1-IL1 p** 1 in 
vivo 

247. COLLI -IL1 p** 7 function can be evaluated after transgene activation in 
1 5 the TMJ of 3 month old mice. Activation of the dormant COLLI - IL1 P** 7 can be 

mediated by the transfer of Cre recombinase to the area of interest (TMJ) via the self- 
inactivating cre feline immunodeficiency FIV(Cre) virus (a total of 10 5 infectious 
particles in 50pl normal saline). The ability of this FIV vector system to transduce TMJ 
tissues using the reporter gene lacZ (P-galactosidase) has previously examined in mice 

20 that received intra-articular injections of a viral solution [Kyrkanides S, et al (2001). J 
Neuroimmunol 119: 269-77], wherein the transduction of soft (articular disc) and hard 
(cartilage) TMJ tissues by the viral vector was demonstrated. The FlV(Cre) transfer 
vector is described in detail in Figure 10. It is comprised of a loxP-flanked ("floxed") 
nuclear localization signal (nls) fused to the cre gene: nlsCre m . The reason for 

25 developing a self-inactivating nlsCre m gene is to abolish any cytotoxic effects from the 
prolonged expression of Cre recombinase mediated in vivo [Pfeifer A and Brandon EP, 
Kootstra Neeltje, Gage FH, Verma IM (2001). Proc Natl Acad Sci U.S.A. 98: 1 1450-5]. 
Upon production of adequate levels of Cre recombinase to produce excisional 
activation of COLLI -ILip** 7 following successful transduction of target cells with 

30 FTV(Cre), Cre protein de-activates the viral nlsCre™ gene by loxP -directed self 
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excisional recombination. COLLl-ILip** 7 function can be evaluated as follows. (1) 
First, lacZ expression can be readily assessed in decalcified IMF histology sections by 
X-gal histochemistry and immunocytochemistry. (2) ssIL-ip and lacZ transcript levels 
is assessed by semi-quantitative RT-PCR in TMJ total mRNA extracts from 

5 experimental and control animals. Localization of ssIL- 1 p and lacZ mRNA can be 
achieved on TMJ histology sections by in situ hybridization (ISH); the identity of 
transduced cells can be confirmed by coupling ISH with immunocytochemistry (ICC). 
Osteocytes/osteblasts can be confirmed by the expression alkaline phosphatase, 
osteocalcin, or type I collagen. Chondrocytes can be confirmed by detection of collagen 

10 n.. (3) Human IL-1 P protein expression can be analyzed in TMJ homogenates by 
ELBA (Catalog # DLB50; R&D Systems Inc, Minneapolis MN). 

(2) Investigate the inflammatory effects of IL-1 p 
induction in (he TMJ 
248. The effects of IL-ip expression in the TMJ can be studied in 3 month 

15 old COLLI -ILip^ 7 transgenic mice at 4 weeks following intra-articular injection of 
FlV(Cre) virus (a total of 10 5 infectious particles in 50pl normal saline). The FIV(lacZ) 
vector, capable of transducing soft and hard TMJ tissues with the reporter gene lacZ > 
can be administered to transgenic mice; an additional group of mice can receive 
FIVOacZ)-injections and serve as controls [Kyrkanides S, et al (2004). J Dental Res 

20 83: 65-70]. Please see Table 3 for summary of experiment. Based on the properties of 
the somatic mosaic model, it is anticipate that intra-articular transfer of Cre 
recombinase into the TMJ of COLLl-ILlp** 7 transgenic mice can result in sustained 
expression of human IL-1 P by infected chondrocytes, osteocytes and fibroblasts. In 
contrast, FW(lacZ)-injected mice lack human ILip expression. Saline-treated mice 

25 (50yl) can be included and control for the effects of the virus injection. 

Since IL-ip is a multipotent cytokine known to induce a number of down- 
stream inflammation-related genes, the expression of cytokines (TNFcc, IL-6, murine 
IL-ip), adhesion molecules (ICAM-1, VCAM-1), chemokines (MCP-1), collagenases 
(MMP-3, MMP-9) can be examined at the mRNA and protein level as previously 

30 described [Havenga MJ, et al (1998) Gene. 222:319-27; Kyrkanides S, et al (2003) 
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Mol Ther 8: 790-95; Srinivas S, et al (2002) BMC Develop Biol 1:4-11; and Sternberg 
N and Hamilton D (1981). J Mol Biol 150: 467-8] in FlV(Cre), FTV(lacZ) and saline 
treated mice. In addition, the levels of the inducible COX-2 can be measured at the 
mRNA and protein levels as previously described [Maguire-Zeiss KA, et al (2002). 

5 Neurobiol Aging 23:977-84 and Sternberg N and Hamilton D (1981). J Mol Biol 150: 
467-86], as well as production of prostaglandin PGE2 [O'Banion MK, et al (1991). J 
Biol Chem 266: 23261-7; O'Banion MK, et al (1992). Proc Natl Acad Sci U.S.A. 
89:4888-92; and O'Banion MK (1999). Crit Rev Neurobiol 13: 45-82]. Moreover, TMJ 
morphology can be assessed in H&E-stained histology sections as follows. 

10 Degenerative changes in the articular cartilage can be evaluated and graded in sagittal 
sections examined under light microscope, and scored into five categories according to 
Wilhelmi and Faust [Wilhelmi G and Faust R (1976) Pharmacol 14:289-96] and 
Helminen et al [Helminen HJ, Kiraly et al (1993) J Clin Invest 92:582-95]: grade 0, 
no apparent changes; grade 1, superficial fibrillation of articular cartilage; grade 2, 

1 5 defects limited to uncalcified cartilage; grade 3, defects extending into calcified 

cartilage; and grade 4, exposure of subchondral bone at the articular surface. Each TMJ 
can be graded according to the highest score observed within the serial sections. 



Table 3. Transgene expression in COLLl-ILlp transgenic mouse lines. 



Treatment 


Animals (AO 


Analysis 


Methods 


l.FIV(Cre) 


8x5 lines = 40 


mRNA (3 mice) 


QRT-PCR 


2. FIV(lacZ) 


8x5 lines = 40 


Protein (3 mice) 


ELISA 


3. Saline 


8x5 lines = 40 


Histology (2 mice) 


Immuno/Histo-chemistry, 








in situ hybridization 



TOTAL mice =120 



3-5 mouse lines can be analyzed for transgene function at the mRNA, protein and histology 
20 levels. The founders can be mated with C57BL/6/wild types and their offspring (ANS) can be 
injected intra-articularly with FTV(Cre), FIV(lacZ) or saline at 3 months of age and 
subsequently analyzed 4 weeks later. 

(3) Statistical analysis 
25 249. IL-ip expression between the three treatment groups, FlV(Cre), 

FTV(lacZ) and saline, can be compared for each mouse line. This can be done using a 
nonparametric ANOVA (Kniskal-Wallis test). Similarly, one can assay whether 
treatment affects expression of other genes, including murine TNFa/IL-6/IL-ip, 
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MMP's and COX-2. TMJ morphology for each mouse can be summarized with a score 
from 0 to 5. Mean morphology scores across treatment groups can be compared using 
nonparametric ANOVA. In each case significance levels can, for example be set at 
0.05. 

5 250. The expression of EL- 1 (J can be correlated with expression of other 

inflammation-related molecules, as well as with morphology. As descriptive measures, 
scatter plots and calculate Spearman's rank correlation can be produced between IL- 
ip expression and the expression of each of the other genes. This can be done 
separately for each mouse line. The data can then be pooled together to formally test 

10 the hypotheses. Specifically, statistical significance can be determined based on a 

linear mixed model, where each mouse line is a cluster, the outcome is the expression 
of a gene such as COX-2, and the covariate is the expression of IL-ip. Linear mixed 
models are an extension of linear regression models to allow correlation (here due to 
some mice sharing a common line). A similar approach can be taken for measuring 

15 associations between gene expression and morphology. 

c) Determine the role of IL-ip in the development of 
temporomandibular disorders [TMJD MOUSE] 

25 1 . Based on clinical findings in human patients, the development of 
hyperalgesia and nociception associated with jaw function in the IL-ip*^ transgenic 

20 mice can occur, which can be assessed behaviorally by measuring changes in resistance 
to mouth opening, electromyographic activity of masticatory muscles and other 
behavioral pain indicators. Changes in expression of neurotransmitters implicated in 
pain transmission can be evaluated in peripheral (TMJ) and central (trigeminal ganglia 
& brain stem sensory nuclei) tissues at the protein and mRNA levels. The data 

25 generated in these experiments can be correlated with the levels of IL- i P in the TMJ 
and course of time. 

252. It is believed that chronic expression of IL-lp in the TMJ can lead to the 
development of temporomandibular disorders (TMJD) in the mouse. Patients 
presenting with TMJD can have one or more of an array of clinical features, including 

30 increased pain from the TMJ during orofacial function, limitation of jaw opening, as 
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well as decreased maximal clench and chewing amplitude of electromyographic activity 
of the masticatory (masseter and temporal) muscles. Additional behavioral features 
include rubbing of the area of pain as well as flinching of the head. Lund et al [Lund 
JP, et al (1991). Can J Physiol Phanncol 69:683-694] have formulated the Pain 

5 Adaptation Model to explain the clinical features seen in musculoskeletal pain 

conditions. The principal features of the Pain Adaptation Model suggests that in the 
presence of nociceptive input to the motor program and brainstem interneurons, there is 
a decrease in muscle strength in concentric muscle work (chewing, clenching), a 
reduced range of motion and a slowing of movement due to antagonistic co-contraction 

10 of extensors during eccentric muscle work. 

253. It is believed that (1) pain has general effects that include changes in 
posture and facial expressions, (2) motor effects are independent of the type of tissue in 
which pain arises, (3) reduced agonist muscle output is encountered in concentric 
(shortening contraction) muscle work, and (4) co-contraction of muscle antagonists 

1 5 occurs during muscle extension. The somatic mosaic analysis method in the COLLI - 
IL1 P** 7 transgenic mouse can be used to determine whether sustained expression of IL- 
ip in the IMF results in the development of TMJD in the mouse. 

(1) Clinical evaluation of orofacial pain from the TMJ 
in the mouse 

20 254. The following methods can be employed as measures of orofacial pain: 

(1) flinching and rubbing of the face, (2) electromyographic (EMG) activity of the 
masticatory muscles, and (3) resistance to mouth opening. These methods are believed 
to replicate behavioral and somatic events seen in human patients with TMJD pain. 
Utilizing the aforementioned 3 methods, pain can be evaluated over 24 weeks in 

25 COLLl-ILip** 7 transgenic mouse lines following FlV(Cre), FlV(lacZ) or saline intra- 
articular injection at 8 weeks of age, for example. 

255. Behavioral testing sessions can take place between 08:00 and 17:00 h in 
a quiet vivarium room maintained at 23°C. First, head flinching and face rubbing can be 
evaluated. To this end, each animal can be placed in a custom-made observation 

30 chamber (12X12X12 inch) with mirrored-glass walls on 3 sides; a digital video camera 
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can record each session and provide documentation. Bedding from the animals' cage 
can be carried into the observation chamber to minimize environment-induced stress. 
The animals can be allowed a 30 min habituation (adaptation) period in the observation 
chamber to minimize stress [Abbott FV, et al (1986) Eur J Pharmacol 126: 126-41]. 

5 The mice typically may not have access to food or water during the test. Fifteen 

consecutive 3-minute sessions can be be recorded and evaluated: Rubbing of the face 
(scored as seconds the animal exhibits the behavior in a 45 min. session) and head 
flinching (scored as the number of times the animal exhibits the behavior in a 45 min. 
session) can be assessed as previously described [Calvelou P, et al (1995). Pain 

10 62:295-301]. Behavioral analysis can be made by a blinded investigator as to the mouse 
group assignment. 

256. Second, electromyographic (EMG) signals can be obtained with a 
telemetry system using a fully implantable device that combines continuous registration 
of one biopotential (right masseter muscle). This wireless transducer can be implanted 

15 in Tg mice (N=l 0) at 6 weeks of age. These mice can be sacrificed at the 24 week time 
point, so that EMG longitudinal data can be recorded on each mouse at 4-8-16-24 
weeks after Tg induction, 

257. Third, resistance to mouth opening can be evaluated in terminal animals 
as follows. The mice can be anesthetized with C0 2 (60%) / 0 2 (40%) mixture under 

20 constant pressure of 25 psi, a method that provides approximately 5 min anesthesia: 
CO2 is quickly cleared from the animal via exhalation with minimal physiological 
changes suitable to the methods. During the anesthesia period, the animals can be 
mounted on a custom restraining device and prepared for a series of resistance to jaw 
opening recordings. For this purpose, the head is stabilized by the restraining device, 

25 whereas the mandible can be extended vertically by depressing the force gage at 5 mm 
increments. Previous experiments have demonstrated that the animal will attempt to 
close the mouth when the mandible is depressed. In brief, an orthodontic Kobayashi 
hook can be temporarily bonded to the mandibular incisors and further be attached to 
the digital dynamometer (FGF series, Kernco Instruments) wired to a DELL PC 

30 computer through an A/D conversion card (NIQ16E1, National Instruments). A series 
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of 5 recordings an be collected by the LabView software package (National 
Instruments, Austin TX) at 5, 10, 15, 20 and 25 mm of mandibular vertical opening. 
These data can be analyzed after the experiment is completed 

(2) Central nervous system changes 

5 258. The mandibular division of the trigeminal nerve provides sensory 

innervation to the TMJ. The cell bodies of these primary sensory neurons are located in 
the posterolateral portion of the trigeminal ganglion extending unmyelinated (C-fibers) or 
thinly myelinated (A8-fibers) peripheral projections to structures of the face and jaws. 
Inflammation, injury or other agents may cause excitation of their free and un-specialized 

10 nerve endings, which are predominately involved in the transmission of nociception from 
the TMJ [Sessle BJ and Hu JW (1991) Can J Physiol Pharmacol 69: 617 626]. The 
central projections enter the brain stem via the ventrolateral pons, descend caudally as the 
trigeminal tract and synapse with second order sensory neurons at the substantia 
gelatinosa of the subnucleus caudalis of the descending trigeminal nucleus (medullary 

1 5 dorsal horn). Second order sensory neurons extend proj ections to the nucleus proprius, 
followed by subsequent projections to the intermedial gray, and then to the reticular 
formation of the brain stem, and through the intralaminar nuclei of the thalamus project 
wide spread connections into the cortex. A number of small neuropeptides, such as 
substance P (SP) and calcitonin-gene related peptide (CGRP), have been implicated in the 

20 transmission of pain from the periphery to the central nervous system (CNS) [Kyrkanides 
S, et al (2002). J Orofac Pain 16:229-35]. It is expected that sustained expression ofDL- 
1 P in the mouse TMJ elicits, in addition to a peripheral inflammatory response, changes 
in the expression of neurotransmitters in the CNS, including the trigeminal ganglion as 
well as the descending trigeminal nucleus. 

25 259. Following the assessment of resistance to mouth opening (described 

above), the mice can be deeply anesthetized by pentobarbital (100 mg/kg) 
intraperitoneal administration and removed from the restraining device. A subgroup of 
mice can be decapitated and their trig eminal ganglia, brain stem and TMJ can be 
harvested and snap frozen. Another subgroup of mice can be terminated via transcardial 

30 perfusion of 50 ml of 4% paraformaldehyde solution in PBS pH=8.0. The trigeminal 
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ganglia, brain stems and TMJ can be harvested and frozen until processed. The 
expression of SP and CGRP can be studied at the mRNA and protein levels. In brief, 
mRNA levels can be evaluated by quantitative RT-PCR in total RNA extracts from 
tissue homogenates using the TRIzol reagent (Invitrogen) per manufacturer's 

5 instructions. For this purpose, methods can be adopted as previously described 

[Kyrkanides S, et al (1999) J Neuroimmunol 95:95-106; Kyrkanides S, et al (2000) 
AmJOrthodDentofac Orthop 118: 203-09; Kyrkanides S, etal (2001)/ 
Neuroimmunol 1 1 9: 269-77; and Kyrkanides S, Moore et al (2002) Mol Brain Res 104: 
159-69]. Protein levels of expression can be assessed semi-quantitatively by 

10 immunocytochemistry as previously described [Kyrkanides S, et al (2002) J Orofac 
Pain 16:229-35]. In brief, fixed brain tissues can be cut on a freezing microtome in 18 
\im thick sections that can be collected onto coated-glass slides. Tissue sections can be 
processed by immunocytochemistry employing antibodies raised against SP and CGRP. 
Control sections for antibody specificity can be processed simultaneously in the absence 

15 of primary antibody. All tissue can be processed simultaneously and all images captured 
taken using identical illumination and exposure. Histologic microphotographs can be 
captured by a SPOT CCD camera attached on a BX51 Olympus microscope and 
connected to a DELL PC computer. One investigator can be blinded as to group of 
animals studied and can perform the analysis using the NIH Image software program. 

20 The data can be recorded as number of immunoreactive pixels per microscopic field 
The change of immunoreactivity in brain sections can be expressed as the relative 
change in immunoreactivity recorded in the right versus the left (no treatment) side in 
every section studied (left-right/left). Anatomical designations of the different regions 
examined in reference to the trigeminal nuclear complex [Kyrkanides S, et al. (2002) / 

25 Orofac Pain 16:229-35]. Averages can be calculated at each level of the brain stem for 
the animals in experimental and control groups. 



(3) Peripheral inflammation -TMJ pathology 

260. Since IL- 1 p is a multipotent cytokine known to induce a number of 
30 down-stream inflammation-related genes, the expression of murine cytokines (TNFoc, 
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IL-6, IL-lp), adhesion molecules (ICAM-1, VCAM-1), chemokines (MCP-1), 
collagenases (MMP-3, MMP-9) can be evaluated at the mRNA and protein level, by 
quantitative RT-PCR and immunocytochemistry as previously described [Kyrkanides S, 
et al (1999) J Neuroimmunol 95:95-106; Kyrkanides S, et al (2000) Am J Orthod 

5 Dentofac Orthop 118: 203-09; Kyrkanides S, et al (2001) J Neuroimmunol 119: 269- 
77; and Kyrkanides S, Moore et al (2002) Mol Brain Res 104: 159-69]. In addition, 
levels of the inducible COX-2 at the mRNA and protein levels can be measured as 
previously described, as well as production of prostaglandin PGE 2 [O'Banion MK, et al 
(1991) J Biol Chem 266: 23261-7 and OBanion MK, et al (1992) Proc Natl Acad Sci 

10 U.S.A. 89:4888-92], Moreover, TMJ morphology can be assessed in H&E-stained 
histology sections as follows. Degenerative changes in the articular cartilage can be 
evaluated and graded in sagittal sections examined under light microscope, and scored 
into five categories according to Wilhelmi and Faust [Wilhelmi G and Faust R (1976) 
Pharmacol 14:289-96] and Helminen et al [Helminen HJ, et al (1993) J Clin Invest 

15 92:582-95]: grade 0, no apparent changes; grade 1, superficial fibrillation of articular 
cartilage; grade 2, defects limited to uncalcified cartilage; grade 3, defects extending 
into calcified cartilage; and grade 4, exposure of subchondral bone at the articular 
surface. Each TMJ can be graded according to the highest score observed within the 
serial sections. 

20 261 . The presence of inflammatory cells, including neutrophils, monocytes/ 

macrophages and lymphocytes in the joint can be investigated at the histology level by 
immunocytochemistry and double immuno-fluorescence as previously described 
[Kyrkanides S, et al (1999) J Neuroimmunol 95:95-106; Kyrkanides S, et al (2000) 
Am J Orthod Dentofac Orthop 118: 203-09; Kyrkanides S, et al (2001) / 

25 Neuroimmunol 1 19: 269-77; and Kyrkanides S, Moore et al (2002) Mol Brain Res 104: 
159-69] in experimental and control mice sacrificed 4-8-16-24 weeks after treatment. In 
brief, neutrophils can be detected by a rat anti-murine neutrophil antibody 
(MCA771GA; Serotec, Raleigh, NC); monocytes & macrophages can be stained with a 
rat anti-mouse CD1 lb antibody (MC A74; Serotec Inc); activated cells can be 

30 immunolocalized by a rat anti-major histocompatibility complex class-H antibody 
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(MHC-II; Bachem, Torrance, CA; clone ER-TR3). Lymphocytes can be detected by a 
monoclonal antibody raised against CD3 (MCA 1477; Serotec). Quantification of the 
number of cells can be described both in terms of number of positive cells per field 
[Kyrkanides S, et al (2003) Mol Brain Res 1 19: 1-9], as well as staining profile 
5 [Kyrkanides S, et al (2002; J Orofac Pain 16:229-35]. 

262. The levels of IL-ip expression can also be temporally characterize at the 
mRNA level by RT-PCR in TMJ total RNA extracts, as well as at the protein level by 
ELISA in TMJ homogenate extracts harvested from experimental and control mice. 
Histologically, ssIL-ip mRNA localization can be performed by in situ hybridization 

10 (ISH); the identity of transduced cells can be confirmed by coupling ISH with 
immunocytochemistry (ICC), employing antibodies raised against the following 
antigens: Osteocvtes/osteblasts can be confirmed by the expression alkaline 
phosphatase, osteocalcin and type I collagen [Liu F, et al (1997) Exp Cell Res 232: 97- 
105 and Adamo CT, et al (2001) / Oral Implantol 27: 25-31], Chondrocytes can be 

15 confirmed by the expression of collagen H [Scott-Burden T, et al (2002) Ann Thorac 
Surg 73: 1528-33]. Localization of gene expression can also be assessed by the reporter 
gene lacZ by means of Xgal histochemistry. 

263. Since the introduction of FIV proteins can elicit an immunologic 
response in mice treated with FTV vectors, the host's immunologic response can be 

20 characterized following FIV intra-articular injection. The presence (titers) of antibodies 
against viral and transgenic proteins can be quantitatively assessed in blood serum at 
the different experimental time points. To this end, IgG and IgM titers for the FTV p24 
antigen as well as human IL-1 p can be assessed by customized ELISA method In brief, 
ELISA plates can be coated with 5 jig of human IL-ip (Sigma; St. Louis MO) or p24 

25 recombinant proteins (IDEXX Laboratories Inc.; Westbrook ME). After incubation 

with the test sera, the plates can be incubated with alkaline phosphatase-conjugated goat 
anti-mouse IgG and IgM (Southern Biotechnology Associates, Inc; Birmingham AL). 
Antibody titers can be established as the serum dilution that reached absorbance levels 
(at 405nm) of saline injected mice assuming linear extrapolation [Kang Y, et al (2002). 

30 J Virol 76 9378-88]. 



— 88 — 



WO 2006/053343 



PCT/US2005/042058 



(4) Experimental conditions 

264. The effects of IL-1 p expression in the TMJ can be studied in COLL1- 
ILip** 7 transgenic mice over time (4-8-16-24 weeks) after intra-articular injection of 
FlV(Cre), FTV(lacZ) or saline. Injection can be unilateral or bilateral. The advantage of 

5 a unilateral injection is that is allows for the contralateral side to be employed as an 
internal control for the various procedures and measures [Kyrkanides S, et al. (2002). J 
Orofac Pain 16:229-35]. Please see Table 4, below, for a summary. In brief, it is 
anticipated that, based on the properties of the somatic mosaic model, intra-articular 
transfer of Cre recombinase to the TMJ of COLLI -ILlp^ 1 " transgenic mice can result 

10 in sustained expression of human EL-1 P by infected cells. In contrast, it is expected that 
ETV(lacZ)-injected mice would lack detectable human ILip expression. Saline-treated 
mice can also be included to serve as controls. After intra-articular injections, the 
animals can be returned to their cages and studied clinically as described above. In 
brief, all animals can be evaluated for behavioral changes associated with head 

15 flinching and rubbing of the face at each time point (4-8-16-24 weeks). In addition, at 
each time point, a subgroup of animals can be terminated; these animals can be 
evaluated for resistance to mouth opening as described above. Lastly, one group of mice 
can be maintained for 24 weeks. These animals can be subjected to the incorporation of 
the wireless EMG transducer and can be utilized for obtaining EMG measurements at 

20 each of the time points, until sacrificed at 24 weeks after FTV treatment. For each 
subgroup of killed mice, the various tissues of interest can be harvested for further 
analysis as described above. In total, 3 groups of transgenic mice {cre, lacZ, saline) 
originating from the two founder lines can be utilized. Each group consists of 40 mice. 
Ten mice of each group can be sacrificed at each of the 4 time points (4-8-16-24 

25 weeks): 5 for harvesting fresh and 5 for fixed tissues, a total of 240 Tg mice. 

Table 4 Characterize the effects of IL-ip in the TMJ 

Mouse Lines Groups Time Points Animals (#=10) Methods 

"high" IL-1 P FlV(Cre) 4-8-16-24 10 x 4 time points = 40 QRT-PCR 

"high" IL-1 P FIVOacZ) 4-8-16-24 10 x 4 time points = 40 ELISA 

"high" IL-1 p saline 4-8-16-24 10 x 4 time points = 40 Histology 

"moderate" IL-ip FIV(Cre) 4-8-16-24 10x4 time points =40 Behavioral 

"moderate" IL-1 p HV(LacZ) 4-8-16-24 10 x 4 time points = 40 

"moderate" IL-1 P saline 4-8-16-24 10x4 time points = 40 
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— — . - Total mice = 240 

The effects of FIV(Cre), FIV(lacZ) and saline intra-articular injection can be analyzed in two 
COLLl-ILip** 1 transgenic mouse lines: one characterized by relatively "high" levels of IL-ip 
expression following FIV(Cre) intra-articular injection and a second mouse line with "moderate" EL- 
1 p expression. The effects of IL-lp expression in the TMJ in these two mouse lines can be 
5 evaluated over time (4-8-16-24 weeks) following treatment: FIV(Cre), FIV(lacZ) and saline 
injection. To this end, ten mice can be sacrificed at each time point and be studied by molecular, 
histological and behavioral methods. 

(5) Statistical analysis 

10 265. Within each treatment group and line, nonparametric ANOVA methods 

can be used to test whether behavioral measures (rubbing of face, head flinching and 
resistance to mouth opening), central nervous system changes (SP and CGRP) and 
peripheral inflammation differ across the four time points. Similarly, comparisons can 
be made between treatment groups at each time. Mice in the 24 week group can have 

1 5 EMG measurements taken at each of the 4 time points plus baseline. EMG can be 

compared both across time and between groups using a linear mixed model (separately 
for each line), where each mouse is a cluster, EMG is the response, and time and 
treatment group indicators are covariates. 

266. If, as anticipated, there are more behavioral changes in the FIV(Cre) 

20 group, one of the two mouse lines can be selected. Looking only at the FlV(Cre) group 
data, the line that tended to have less bite force, higher EMG activity, increased face 
rubbing and head flinching activity can be selected. 

(6) Anticipated Results 

267. Based on clinical findings from human patients and clinical research the 
25 development of hyperalgesia and nociception associated with mouth opening secondary 

to chronic expression of IL-lp in the TMJ is expected. These behavioral changes can be 
documented through the proposed behavioral assessment methods described herein. In 
addition, an increase in the synthesis of neuropeptides in the trigeminal ganglion as well 
as changes in their levels of expression at the descending trigeminal nucleus of the 
30 brain stem as well as the TMJ is anticipated. Changes in SP levels of expression in the 
rabbit brain stem following experimental TMJ nociception have been demonstrated 
[Kyrkanides S, et al (2002). J Orofac Pain 16:229-35]. 
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268 . Bilateral transgene induction by injecting FTV(Cre) in both TMJs can 
also be performed. Capsaicin, an algesic chemical widely utilized in pain research, to 
induce nociception in the COLLI -ILip mice. In brief, capsaicin can be administered in 
the TMJ in conjunction with IL-ip** 1 " activation to produce experimental nociception. 

5 In this latter scenario, it is anticipated that chronic expression of IL-1 p in the TMJ can 
confer a decrease in the pain threshold of mice elicited by low doses of capsaicin 
[Kyrkanides S, et ah (2002). J Orofac Pain 16:229-35], 

269. Intra-articular administration of FIV may result in the development of an 
inflammatory response into the TMJ due to the proteins of the virus itself, or the 

10 bacterial Cre recombinase. In such case, it maybe observed that infiltration of immune 
cells into the TMJ that normally are not found there. Based on previous results 
employing FlV(lacZ) in mice [Kyrkanides S, et al (2004). J Dental Res 83: 65-70] and 
because of the small amount of virus injected, no inflammatory response is expected 
(data not shown). Nevertheless, one can control for the effects of FIV by including 

1 5 animals receiving FlV(lacZ) injections and comparing them to the experimental 
FlV(Cre) mice. Moreover, Cre recombinase can be delivered by a self-inactivating 
vector, whereby the cre gene can be excised and removed, therefore minimizing any 
chance for inflammatory response to Cre recombinase. In addition to the presence of 
inflammatory cells in the TMJ, one can also investigate the presence of antibodies 

20 produced in response to the FTV injection. 

2. Example 2: COX-2 related constructs and mice - the role of 
COX-2 in the development of IL-ip induced arthritis and TMJD 

270. IL-1 p is an inducer of cyclooxygenase-2 (COX-2), a key rate-limiting 
enzyme in the production of prostanoids during inflammation. COX-2 is of particular 

25 therapeutic interest since it is the target of commercially available over-the-counter and 
prescription drugs often utilized in cases of arthralgia for the management of pain. To 
this end, TMJ pathology and behavior can be investigated in IL-ip^ mice treated with 
a COX-2 selective inhibitor. A COX-1 (constitutive isoform) selective inhibitor and a 
mixed inhibitor (COX-1 & COX-2) can also be employed as controls. The outcome 

30 data can be analyzed relative to IL-1 p levels and the time course of the disorder. To 
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confirm the role of the COX in TMJD, the DL-1 p** 7 Tg mice can be crossed with COX- 
2, as well as COX-1, knockout mice, and the effects of conditional induction of IL-ip 
in the IMF investigated as previously described. This can provide valuable information 
on the effectiveness of pharmacologic inhibitors in attenuating or possibly exacerbating 
5 the development of temporomandibular joint disorders. 

27 1 . Anti-inflammatory drugs, primarily over the counter non-steroidal 
(NSAIDs) such as ibuprofen (i.e. Advil®), naproxen (i.e. Alleve®), salicylates (i.e. 
aspirin), and others are commonly utilized by patients for the management of symptoms 
arising from inflammation of the TMJ and other joints. In addition, the discovery and 

10 implication of the inducible prostaglandin H 2 synthase, COX-2, in inflammation 

[O f Banion MK, et al. (1991) J Biol Chem 266: 23261-7 and O'Banion MK, et al (1992) 
Proc Natl Acad Sci U.S.A. 89:4888-92; O'Banion MK (1999) Crit Rev Neurobiol 13: 
45-82] led to development of COX-2 selective inhibitors (i.e. Celebrex®, Vioxx®), 
drugs that offer new alternatives for the management of chronic arthritic pain. 

15 Interestingly, despite the fact that the use of NSAIDs dominates the clinical arena of 
joint inflammation, limited attention has been given to the drugs' long-term effects on 
disease morbidity. For example, as seen in Figure 7, NSAIDs may in fact exacerbate an 
inflammatory condition when administered inappropriately. It has also been reported 
that COX-2, in addition to its known pro-inflammatory action, can provide important 

20 anti-inflammatory roles, at least in some model systems [Gilroy DW, et al (2003). 

FASEB 17:2269-71 and Gilroy DW, et al (1999). Nat Med 5:698-701]. Therefore, the 
role of the cyclooxygenase-prostaglandin (COX-PG) axis in the pathology and 
management of TMJ arthritis and disorders can be examined. 

a) Anti-inflammatory regimen in COLLlPr-ELip*^ 

25 transgenic mice 

272. It has been established that II^lp drives the expression of COX-2 to 
form prostaglandin E2 (PGE2), a principal mediator of inflammation in a number of 
tissues, including joints [Agarwal S, et al (2001) Arthr Rheum 44: 608-17; Yoshida 
H, et al (2002) J Oral Rehab 29: 1 146-52; and Hutchins B, et al (2002) J Orofac Pain 

30 16:312-6]. COX-2, as well as the constitutively expressed COX-1, can be temporally 
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(time course) and spatially (sites of expression) characterized at the molecular level, 
and can be correlated with PGE 2 levels and other inflammatory mediators related to 
arthritis, as well as neurotransmitter expression and behavioral measures in the IL- 
1 p™ 7 Tg mice. Tg mice of the founder line can be treated with a COX-2 selective 

5 inhibitor such as NS-398; [Kyrkanides S, Moore et aL (2002) Mol Brain Res 104: 159- 
69]). NS-398 can be administered to the mice via chow (125 ppm). In addition, the role 
of the constitutive COX-1 can be examined in the development of TMJ pathology and 
TMD by administering SC-560, a COX-1 inhibitor (64 ppm in chow), as well as a 
mixed inhibitor (ibuprofen at 375 ppm in chow). This route of administration simplifies 

10 long-term treatment (weeks-months) and the oral doses required for specifically 

inhibiting these enzymes in vivo have been previously determined [ Jantzen PT, et aL 
(2002) JNeurosci 22:2246-54 and Mueller-Decker K, et aL (2002) J Invest Dermatol 
119: 1189-95]. 

b) Experimental Design 

15 273. As summarized in Table 5, below, TMJ inflammation can be induced in 

8 weeks old COLLI -IL1 (J** 7 transgenic mice by intra-articular injection of FW(Cre) as 
described above. A lag time between FlV(Cre) injection and development of significant 
behavioral and/or histological changes is expected. In keeping with the clinical use of 
NS AIDs, anti-inflammatory treatment can be initiated at a time when the FlV(Cre)- 

20 inj ected mice begin to demonstrate TMJ pathology and dysfunction. Alternatively, anti- 
inflammatory treatment can begin at a set time before or after the FIV(Cre) injection. 

274. The mice can be sacrificed at various time points following initiation of 
anti-inflammatory treatment (4-8-16-24 weeks). Consequently, the effects of therapy on 
TMJ arthritis (anatomic, histologic, molecular changes) and dysfunction (behavioral 

25 changes), as well as on central nervous system changes as described above can be 
characterized. Efficacy of drug therapy can be evaluated by measuring the levels of 
PGE2 in TMJ extracts in experimental and control mice as previously described 
[OBanion MK, et aL (1991; J Biol Chem 266: 23261-7 and OBanion MK, et aL (1992) 
Proc Natl Acad Sci\J.S.A. 89:4888-92]. 

30 c) Statistical Analysis 
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275. At each of the four time points, nonparametric ANOVA methods can be 
used to test whether behavioral measures (rubbing of face, head flinching and resistance 
to mouth opening), central nervous system changes (SP and CGRP) and peripheral 
inflammation differ across the treatment groups. Mice in the 24 week group can have 

5 EMG measurements taken at each of the 4 time points as well as initially at base line. 
EMG can be compared both across time and between treatment groups using a linear 
mixed model, where each mouse is a cluster, EMG is the response, and time and 
treatment group indicators are the covariates. The extent to which each outcome is 
associated with IL-ip levels using spearman's correlation as a description measure can 

10 be assessed, and then formally testing whether the slope is zero in a linear regression 
model. 



Table 5 NSATOs in the management of TMJ arthritis and dysfunction. 

GROUP Drug Time Points Animals (AMO) STUDIES 

FlV(Cre) NS-398 4-8-16-24 wks 10 x 4 time points = 40 Behavioral studies 

FTV(Cre) SC-560 4-8-16-24 wks 10 x 4 time points = 40 Histology studies 

FlV(Cre) ibuprofen 4-8-16-24 wks 10 x 4 time points = 40 Molecular studies 

FlV(Cre) - . 4-8-1 6-24 wks 10x4 time points = 40 

FIVflacZ) : 4-8-16-24 wks 10 x 4 time points = 40 

Total mice = 200 

The effects of non-steroidal anti-inflammatory treatment, including selective COX-1 and COX-2, 
and a mixed inhibitor, can be analyzed on TMJ arthritis and dysfunction in COLLl-ILip** 7 
15 transgenic mice injected intra-articularly withFIV(Cre). FJV(lacZ) injected animals can be included 
to provide baseline data. The mice can be studied at various time points after treatment; at each time 
point, ten mice can be sacrificed in order to evaluate TMJ and central nervous system changes. 

20 d) The role of COX-2 in the development of IL-ip induced 

arthritis and TMD 

276. To confirm the role of COX-2 in the development of TMJ arthritis and 
dysfunction, IL-lp^ 1 Tg mice can be crossed with COX-2 7 " knockout mouse and the 
effects of the conditional induction of IL-ip investigated in the TMJ as described 
25 above. Male and female breeders for COX-l*' (002180-T) and COX-2 +A (002181-T) 
heterozygous knockout mice can be purchased from Taconic Laboratories 
(Gennantown, NY), for example, and crossed with COLLI -ILip** 7 transgenics twice 
to generate heterozygous COX and homozygous COLLI -ILip*^ transgenic animals. 
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The desired genotype can be generated by back-crossing these mice to the COX-1 * and 
COX-2 +/ " heterozygous mice. Genotyping for the COX-1 and COX-2 genes can be 
performed as follows. DNA can be extracted from tail clips using a Wizard DNA 
isolation kit (Promega). Genotype is established by PCR as follows. 
5 277. For COX-1 genotyping, SEQ ID NO: 1 

5AGGAGATGGCTGCTGAGTTGG3 1 and SEQ ID NO:2 S'AATCTGACTTTCT 
GAGTTGCC3' are used to detect the intact COX-1 exon 11; SEQ ID NO:3 
S^AGCCTCTOTTCCACATACACS 1 and SEQ ID NO:4 

57^TCTGACTrTCTGAGTTGCC3 ! are used to detect the disrupted COX-1 exon 1 1 
1 0 containing the neomycin gene. 

278. For COX-2 genotyping, SEQ ID NO:5 
5 , ACACACTCTATCACTGGCAC3 , and SEQ ID NO:6 

5VVGATTGTTGTCAGTATCTGCC3 1 are used to detect the endogenous COX-2 gene 
(the PCR product extending from exon 8 to exon 10); SEQ ID NO:7 
15 5A£GCGTCACCTTAATATGCG3' and SEQ ID NO:8 

5'AGATTGTTGTCAGTATCTGCC3 f are used to detect the targeted disruption of 
COX-2 exon 8 containing the neomycin gene. 

279. Using the aforementioned strategy, litters can be obtained comprised of 
COLLl-ELipXAT transgenic animals, 25% COX null, 50% COX heterozygous, and 

20 25% COX wildtype. The ability to test IW(Cre) activation of the COLLl-ILip XAT 
transgene in littermates with differential expression of COX enzymes is critical since 
the background strains are mixed. As summarized in Table 6, COX-l^VCOLLl- 
ILip** 7 and COX-2 v 7COLLl-ILip XAT mice can be subjected to FIV(Cre) intra- 
articular injection and induction of IL-ip in their TMJ at 8 weeks of age. Moreover, 

25 additional groups of mice receiving FIV(lacZ) can serve as controls. The mice can be 
sacrificed at specific time points post-treatment (4-8-16-24), and the development of 
TMJ arthritis (anatomic, histologic, molecular changes) and dysfunction (behavioral 
changes), as well as on central nervous system changes, can be investigated. 



— 95 — 



WO 2006/053343 



PCT/US2005/042058 



e) Statistical Analysis 

280. The analysis here can be the same as described herein, except, for 
example, on could have eight groups and two treatments. The analyses can be carried 
out separately for each group. In brief, at each of the four time points, nonparametric 

5 ANOV A methods can be used to test whether behavioral measures (rubbing of face, 
head flinching and resistance to mouth opening), central nervous system changes (SP 
and CGRP) and peripheral inflammation differ across the treatment groups. Mice in the 
24 week group can have EMG measurements taken at each of the 4 time points as well 
as initially at base line. EMG can be compared both across time and between treatment 

10 groups using a linear mixed model, where each mouse is a cluster, EMG is the 

response, and time and treatment group indicators are the covariates. In addition, one 
can assess the extent to which each outcome is associated with IL-1 P levels using 
spearman's correlation as a description measure, and then formally testing whether the 
slope is zero in a linear regression model. 

15 



Table 6. The roles of COX-1 & COX-2 in the development of TMJ arthritis and dysfunction. 
GROUP TREATMENT Time Points Animals (N) 


COX^VCOLLl-ILip™ 1 

COX-2 +/ 7COLLl-ILlp XAT 

COX^/COLLl-ILlp^ 7 

COX-2* + /COLLl-ILl P™ 7 

COX-l^VCOLLl-ILip^ 7 

COX-l^/COLLl-ILip^ 

cox-i + '7com-iLip XAT 

COX-l^VCOLLl-ILip*^ 


FIV(Cre) 
FlV(Cre) 
FlV(Cre) 
FIV(lacZ) 
FIV(Cre) 
FTV(Cre) 
FlV(Cre) 
FlVOacZ) 


4-8-16-24 wks 
4-8-16-24 wks 
4-8-16-24 wks 
4-8-16-24 wks 
4-8-16-24 wks 
4-8-16-24 wks 
4-8-16-24 wks 
4-8-16-24 wks 


10x4 time points = 4< 
10x4 time points = 4i 
10x4 time points =4< 
10x4 time points = 4< 
10x4 time points = 4« 
10 x 4 time points = 4 
10 x 4 time points = 4 
10x4 time points = 4 



Total mice = 320 



The role of COX-2, as well as of the constitutive COX-1, in temporomandibular joint disorders can 
be confirmed by inducing long-term expression of IL-ip in the TMJ of COX-1 ' and COX-2 " 
knockout mice. To this end, COX-l^/COLLl-ILlp^ and C0X-2 V 7C0LL1-IL1 Pumice can be 
injected intra-articularly with FIV(Cre) and studied over time. In addition, COX heterozygous and 
20 wild-type mice can be included as controls. Mice (N=10) can be sacrificed at various time points 
after treatment, in order to evaluate any TMJ and central nervous system changes. 

f) Anticipated results 

281. It is expected that anti-inflammatory therapy will attenuate nociception 
25 based on clinical data [Martel-Pelletier J, et al (2003). Semin Arthritis Rheum 33:155- 
67] as well as animal studies [Yoshida H, et al (2002). J Oral Rehab 29:1 146-52 and 
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Ochi T, et al (2003). Biochem Pharmacol 66:1055-60]. However, the relative role of 
the inducible COX-2 and the constitutive COX-1 in the development of TMJ pathology 
and dysfunction remains unknown. In fact, previous reports on the subject provide 
conflicting evidence [Yoshida H, et al (2002). J Oral Rehab 29:1 146-52; Hutchins B, 

5 et al (2002). J Orofac Pain 16:3 12-6; Jantzen PT, et al (2002). J Neurosci 22:2246-54; 
Mueller-Decker K, et al (2002). J Invest Dermatol 119:11 89-95; Martel-Pelletier J, et 
al (2003). Semin Arthritis Rheum 33:155-67; and Ochi T, et al (2003). Biochem 
Pharmacol 66:1055-60]. Therefore, it is important that both COX isoforms are included 
as disclosed herein and their roles addressed through the use of selective inhibitors as 

10 well as non-selective drugs. Another point of potential importance is that drugs 
targeting COX isoforms may lead to concomitant upregulation of the parallel 5- 
lipoxygenase pathway. Recent studies on the effectiveness of dual inhibitors of 
cyclooxygenase and 5-lipoxygenase (ML3000) suggest that simultaneous inhibition 
may be required to obtain adequate levels of anti-inflammatory action [Fiorucci S, et al 

15 (2001) Biochem Pharmacol 62: 1433-8 and Jovanovic DV, et al (2001). Arthr 

Rheumaton 44:2320-30]. In fact, such drugs are currently in Phase in clinical trials in 
Europe. These can also be tested in the disclosed mice and systems. 

282. Interestingly, COX-1 [Zhu X, et al (2003). Pain 104:15-23] and COX-2 
[Yaksh TL, et al (2001). J Neurosci 21 :5847-53 and Choi HS, et al (2003). Neurosci 

20 Letters 352: 187-90], in addition to their roles in peripheral inflammation, both appear 
to be involved to some degree in the central processing of pain at the level of the central 
nervous system. Overall, it is expected behavioral and pathological benefits from NS- 
398 administration and that this will also be confirmed with the COX-2 knockout 
mouse experiment, disclosed herein. In some model systems COX-1 has been found to 

25 influence inflammation and pain [Zhu X, et al (2003). Pain 104: 1 5-23 and Siqueira- 
Junior JM, et al (2003). Pharmacol Res 48:437-43]. Recently, in addition to COX-1 
and COX-2, at least two new PGE 2 synthase isoforms have been added to the family of 
enzymes that result in the production of prostaglandins: the membrane-associated 
mPGES, which is functionally coupled to COX-2, and the cytosolic cPGES that appears 

30 to be linked to COX-1 dependent PGE 2 production [Tanioka T, et al (2000). J Biol 
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Chem 275:32775-82 and Murakami M, et al (2000). J Biol Chem 275:32783-92]. 
Although cellular localization may play some role, functional coupling is largely a 
factor of expression patterns: as with COX-2, mPGES is dramatically upregulated by 
proinflammatory stimuli, whereas cPGES is constitutively expressed in cell systems 

5 examined to date [Jakobsson PJ, et al (1999). Proc Natl Acad Sci USA 96:7220-25; 
Stichtenoth DO, et al (2001). J. Immunol. (2001) 167:469-74; and Han R, et al (2002). 
J Biol Chem 277:163555-64]. In addition, COX-2 and mPGES are coordinate^ 
upregulated in a rat model of adjuvant arthritis [Lehmann, et al (1997). J Biol Chem 
272:3406-10]. Therefore, mPGES may play a role in our model of IL-ip induced 

10 arthritis, and one can investigate the regulation of mPGES as part of the proposed 

experiments. This can be readily accomplished by employing methods established and 
routinely used in our laboratories [Moore AH, et al (2003). In Press]. Recently, a splice 
variant of COX-1 that retains intron 1 was described in canine brain and called COX-3 
[ChandrasekharanNV, etal (2002). Proc Natl Acad Sci USA. 99:13926-31]. 

15 Although this variant mRNA is found in rat and mouse brain, it does not appear to be 
regulated by inflammatory stimuli [SS, et al (2003). Brain Res Mol Brain Res. 119: 
213-5; Kis B, Snipes JA, Isse T, Nagy K, Busija DW. (2003) J Cereb Blood Flow 
Metab. 23: 1287-92; and Dinchuk JE, Liu RQ, Trzaskos JM (2003) Immunol Lett. 
86:121]. More importantly, retention of intron 1 in human and rat results in a 

20 frameshift leading to a nonsense transcript; therefore it is believed not to play any role 
in the production of prostanoids [Kis B, Snipes JA, Isse T, Nagy K, Busija DW. (2003) 
J Cereb Blood Flow Metab. 23: 1287-92 and Dinchuk JE, Liu RQ, Trzaskos JM (2003) 
Immunol Lett. 86:121]. This also appears to be the case for mouse COX-3 [Shaftel SS, 
et al. Brain Res Mol Brain Res. 2003 Nov 26;1 19(2):213-5. Erratum in: Brain Res Mol 

25 BrainRes. 2004 Apr 7;123(1-2):136]. 

283. As discussed herein, the timing of anti-inflammatory therapy (NS-398, 
SC560 or ibuprofen in chow) in relation to FlV(Cre) injection may be critical. 
Disclosed herein is evidence that a non-selective inhibitor (indomethacin) can 
paradoxically increase expression of inflammation-related genes following 1L-1 

30 treatment (Figure 7). Moreover, Gilroy et al [Gilroy DW, et al (1999). Nat Med 
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5:698-701] recently reported that COX-2, in addition to its known pro-inflammatory 
action, can also provide important anti-inflammatory roles, at least in some model 
systems. More specifically, if NSAID treatment is given prophylactically (prior to 
initiation of injury or inflammation), then it can exert significant anti-inflammatory 

5 effects [Kyrkanides S, Moore et al (2002). Mol Brain Res 104: 159-69 and OTBanion 
MK (1999). Crit Rev Neurobiol 13: 45-82]. In contrast, if the anti-inflammatory 
regimen is started after inflammation commences, the inflammatory response can be 
exacerbated by inhibiting COX-2-derived anti-inflammatory prostaglandins ([Gilroy 
DW, et al (2003). FASEB 17:2269-71 and Gilroy DW, et al (1999). Nat Med 5:698- 

10 701]; also see Fig. 7). In the clinical setting, anti-inflammatory drugs are most often 
taken after injury and the initiation of inflammation for pain alleviation, hi order to 
replicate the clinical conditions as closely as possible, one can begin the anti- 
inflammatory treatment after the induction of Ik-1 p and establishment of pathology and 
pain in the mouse TMJ by FlV(Cre) injection. One can repeat the experiment with 

1 5 inhibitors started before FlV(Cre) injection. 

3. Example 3: IL-lp constructs and mice related nerve specific 
expression 

284. Using standard cloning techniques, including application of RT-PCR, 
the cDNA encoding mature human Hrlp (i.e. missing the pro-EL-lp sequences cleaved 

20 by caspase 1) was cloned in-frame with the heterologous signal sequence for human IL- 
lra. This construct is described in more detail herein and was verified by DNA 
sequencing. This hybrid cDNA was inserted into an XAT universal vector harboring a 
CMV promoter and used to transfect human embryonic kidney cells (293H) together 
with either pRC/CMV (control) or the pRC/CMV expression vector harboring a wild 

25 type ere recombinase cDNA (pRC/CMV-cre). As shown in Figure 1 1 , the presence of 
cotransfected ere Recombinase leads to robust expression of the lacZ gene (here 
detected by X-gal histochemistry), which is downstream of the modified IL-lp cDNA 
and separated by an IRES element. The relative lack of lacZ activity in control cultures 
transfected in parallel (left panel) indicates that the construct undergoes recombination 
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and transcriptional activation in the presence of ere recombinase. The human IL-lra 
cDNA was also cloned into the same XAT vector, and the sequence confirmed. 

285. In order to demonstrate the feasibility of using the pseudotyped Feline 
Immunodeficiency Virus system for transduction of murine astrocytes, infections were 

5 carried out with FIV harboring lacZ in primary cultures of astrocytes established from 
postnatal day one mice [OBanion, M.K., et al Neurochem. (1996) 66:2532-2540]. As 
seen in Figure 12, lacZ was readily transduced in these cells as evidenced by X-gal 
histochemistry. Cultures transduced with an FIV vector lacking lacZ showed no 
staining. 

10 a) Engineering the IL-1 XAT Construct (see Figure 13) 

286. The IL-1 excisional activation transgene (IL-1 XAT) is designed to be 
transcriptionally active in astrocytes by virtue of a glial fibrillary acidic protein (GFAP) 
promoter; be incapable of producing IL-1 until ere recombinase removes an 
inactivating cassette; and upon activation, produce a secreted and active hIL-ip that 

15 does not depend on IL-1 cleaving enzyme (ICE; caspase-1) activity as well as co- 
express lacZ that can be assayed at the cellular level. This construct can be derived 
from an available cassette [Brooks, A.L, et al Nature Biotech. (1997) 15:57-62] 
modified by replacement of the NSE promoter with the CMV promoter by: 1) 
substituting the CMV promoter with a human GFAP promoter to provide astrocyte 

20 specific expression in mice [Brenner, M., et al J. Neurosci. (1994) 14:1030-1037], and 
2) inserting a modified WL-ip cDNA that has a heterologous signal sequence (derived 
from IL-lra) and mature IL-1 p coding sequence. Although microglia are a major 
source of IL-1 in the brain, the GFAP astrocyte-specific promoter represents the only 
well-characterized glial promoter in transgenic mice. The modified hIL-ip sequence 

25 was chosen on the basis of a high rate of IL-1 P secretion and demonstrated activity in 
mice [Gjorloff-Wingren, A., et al (1996) Cell Immunol. 169:226-237; Bjorkdahl, O., 
P. et al (1999) Immunology 96:128-137]. Use of a human IL-ip also provides a 
means to distinguish transgene expression from endogenous mouse expression since 
species-specific probes and antibodies are available. 

30 b) Ex vivo testing of the EL-1 XAT construct 
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287. Prior to generating transgenic mice, the functionality of the IL-1 XAT 
construct can be verified. 

288. a) To test the functionality of the loxP elements, the IL-1 XAT construct 
can be transformed into an E. coli strain that constitutively expresses ere recombinase. 

5 Southern blot analysis of independent transformants from cre-expressing and cre-non- 
expressing bacteria can be performed to determine the efficiency of /oxP-mediated 
recombination. 

289. b) To verify that hJL-lp is produced following recombination, co- 
transfection of IL-1 XAT and CMV-cre recombinase can be performed in an 

10 established rat astrocyte cell line that shows high level GFAP expression (RBA cells) 
PKammich, G.A., et al (2001) 1 Membr. Biol 182:17-30]. Recombination in 
astrocytes can be detected by utilizing PCR primers that flank the inactivating cassette. 
Transgene transcription can be monitored by RT-PCR for the IL-1 p transcript, ELISA 
for hIL-1 p, and biochemical or histochemical detection oilacZ expression. The 

15 specificity of the GFAP promoter can be ascertained by carrying out a comparable 
analysis in a mouse fibroblast cell line (NIH3T3 cells). In this case it was anticipate 
detecting recombination, but not observing transgene expression. Transfections in 
primary cultures of mouse astrocytes can also be carried out. 

290. c) To demonstrate that the hIL-ip is biologically active, co-transfections 
20 of IL-1 XAT and CMV -ere recombinase can be carried out in the rat astrocyte cell line 

and supernatants collected over 72 hours. Conditioned media can be placed on cultures 
of mouse astrocytes. Total RNA can be harvested after 4 h and levels of COX-2 
mRNA can be quantified by real-time RT-PCR. It is believed that COX-2 is a very 
sensitive indicator for IL-ip activity [OBanion, M.K., et al (1996) Neurochem. 

25 66:2532-2540 and Kyrkanides, S., et al (1999) 1 Neuroimmunol 95:95-1076]. 

Specificity can be established by using a neutralizing antibody directed to human EL-ip 
(R&D Systems). Although rat IL-ip is less potent for the mouse IL-1 type 1 receptor 
than mouse IL-lp [Liu, C, Y. Bai, et al J. Interferon Cytokine Res. (1995) 15:985- 
992], the assay may be confounded by rat astrocyte products. Supernatants from cells 

30 transfected with the pRC/CMV vector alone should help control for this problem. An 
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alternative approach is to create stable cell lines harboring IL-1 XAT by cotransfection 
with a neomycin resistance marker plasmid and selection in G41 8. Stable lines can be 
transduced with FIV-cre (See Figure 14) to produce large amounts of ML-1 p. In all 
cases, control supernatants can be collected from cells transfected or transduced using a 
5 vector that lacks ere recombinase. 

291 . A similar strategy can be employed for examining production of IL-lra 
from the IL-lra XAT construct Again, recombination and gene expression would be 
followed by PCR and X-gal histochemistry and product secretion would be ascertained 
by FT ISA. For the activity assay, murine astrocytes would be treated with conditioned 

10 media (containing IL-lra) and concentrations of recombinant murine IL-1 p that are 
sufficient to elicit a detectable COX-2 response. Supernatants from control cultures 
and the use of a neutralizing antibody to human IL-lra (R & D Systems) can be 
required to confirm specificity. 

c) IL-ip and IL-lra excisional activation transgenic (XAT) 
15 mouse lines and test for functional recombination and 

expression of transgenes following viral transduction 

292. The XAT constructs can be excised from their bacterial vectors and 
injected into the male pronucleus of fertilized eggs to generate multiple lines of 
transgenic mice. Founders can be identified by PCR screening and confirmed with 

20 Southern blot analysis. All aspects of transgene introduction and founder husbandry 
can be carried out using standard techniques. Transgenes can be introduced on a pure 
C57B1/6 line. Previous experience suggests that 4 to 6 lines can be identified for each 
transgene. Founder lineages can be analyzed for transgene expression and 
recombinational activation. 

25 293. IL-ip (and IL-lra) XAT transgenic mouse lines can be generated and 

tested for functional recombination and expression of transgenes following viral 
transduction. The IL-1 XAT construct can be excised from its bacterial vector and 
injected into the male pronucleus of fertilized eggs to generate multiple lines of 
transgenic mice. Founders can be identified by PCR screening and confirmed with 

30 Southern blot analysis. All aspects of transgene introduction and founder husbandry 
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can be earned out using standard techniques. Transgenes can be introduced on a pure 
C57B1/6 line. Previous experience suggests that 4 to 6 lines can be identified for each 
transgene. Founder lineages can be analyzed for transgene expression and 
recombinational activation. 

5 294. a) To identify lines showing active GFAP transgene promoter utilization, 

Northern blots of transgenic mouse brain RNA can be carried out using a probe 
homologous to the short, inactive transcript (GFAP 5' UTR and GH) predicted to be 
synthesized from the GFAP promoter (see Figure 13). Once lines are identified, 
combined in situ hybridization and immunocytochemistry can be used to verify 

1 0 colocalization of the short transcript and endogenous GFAP protein. 

295. b) To demonstrate excisional activation in vitro, primary cultures of 
astrocytes can be established from transgenic neonatal brain. Astrocytes from 
transgenic and control non-transgenic animals can be infected with either FTV-cregfp 
(Figure 14) or the FIV-gfp control virus. PCR can be used to assay cre-induced 

15 recombination of the IL-1 XAT transgene, and transgene activation can be monitored 
by BUS A assay for hIL-p and measures of lacZ activity. Efficiency of cre-mediated 
excisional activation can also be assessed by measuring the ratio of lacZ* cells to GFP + 
• cells by X-gal histochemistry and GFP epifluoresence. Viral vector stocks can be 
prepared and titered using established and routine methods. 

20 296. c) To demonstrate excisional activation in vivo, adult IL-1 XAT 

transgenic mice can be injected with FIV-cregfp or the control virus, FIV-gfp (see 
below), in the frontal cortex (bregma: 0.5 mm, lateral 1.8 mm, depth 1.8 mm relative to 
the skull surface) using a microprocessor controlled, 33-gauge needle and slow delivery 
rate (100 nl/min over a 10 min period). This method provides localized and 

25 reproducible administration of activating virus to the brain, with minimal 

intraventricular or contralateral effects [Brooks, AL, et al J. Neurosci. Meth. (1998) 
80:137-147]. Moreover, the small needle track and slow infusion rate minimize tissue 
reaction to needle injury, a potentially confounding variable in the proposed studies of 
IH expression. Two weeks following injection, animals can be subjected to analysis 

30 for. 1) DNA recombination by PCR amplification of DNA extracted from the injection 
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site using primer pairs that flank the loxP elements, and 2) activation of transgene 
expression. This later analysis can include in situ hybridization for IL-lp expression 
combined with immunocytochemistry for endogenous GFAP and tissue ELISA for 
human IM|5 levels. In addition, X-gal histochemistry for lacZ expression can be 
5 carried out with every fifth section from a minimum of 4 transgenic animals receiving 
FTV-cregfp. In this way, the extent of transgene activation and the variability between 
animals can be established. These measures can help establish the number of animals 
required for future studies examining interactions with other transgenes (i.e. Aim 3) or 
with injury paradigms. 8 animals can be used from each transgenic line for these initial 
10 studies. Six animals can be injected unilaterally with FIV-cregfp to induce 

recombination and 2 animals can be injected unilaterally with the control viral vector. 
Two animals from the FTV-cregfp can be sacrificed and the region surrounding the 
injection site can be dissected and subject to PCR analysis for DNA recombination and 
bIMP expression. Murine IMP and COX-2 levels can also be measured by real-time 
15 RT-PCR. Control tissue can be derived from the contralateral hemisphere. The 
remaining animals (FIV-cregfp plus the control injections) can be prepared for 
histological investigation as described above. 

(1) Feline Immunodeficiency Viral (FIV) Vectors 
297. For activation of the silent transgenes disclosed herein a VSV-G 
20 pseudotyped Feline Immunodeficiency Virus system developed by Poeschla et al. 

(1998) can be employed. This lentivirus has been shown to efficiently infect dividing, 
growth arrested as well as post-mitotic cells. Furthermore, it allows for incorporation 
of the transgene into the host's genome, leading to stable gene expression. This is a 3- 
vector system, whereby each confers distinct instructions: the FIV vector carries the 
25 transgene of interest and lentiviral apparatus with mutated packaging and envelope 
genes. A vesicular stomatitis virus G-glycoprotein vector (VSV-G; [Burns, J.C., et al. 
Proc. Natl. Acad. Sci. USA 90:8033-8037]) contributes to the formation of the viral 
envelope in trans. The third vector confers packaging instructions in trans [Poeschla, 
E.M., et al. (1998) Nature Med. 4:354-357]. 
30 (2) FTV Production and Concentration 
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298. Cultured 293-T cells are transfected with a FIV DNA cocktail (20 ug of 
pFIV, 15 jig of pVSV-G and 5 ug of pPAQ using the Lipofectamine 2000 reagent per 
manufacturer's instructions (Invitrogen). Sixty hours later, the supernatant is collected 
and filtered (0.45 urn). This FIV-rich solution can be used directly or further 

5 concentrated to increase titers. The concentration process is based on an overnight 
centrifugation of FIV solution at 7,000xg at 4°C using a Sorvall RC 5B plus centrifuge 
with a SS-34 rotor. The supernatant is then decanted and the viral pellet is reconstituted 
in sterile saline with 40 mg/ml lactose. Titers are established on feline kidney CrfK 
cells (ATCC) by counting blue forming units after X-gal histochemistry, and routinely 

10 range 10 7 -10 8 . 

(3) Viral Infection 

299. Mice are anesthetized with Isofurane (2.5% in O2) and placed in a 
stereotaxic instrument. Prior to surgery mice can be placed on a Gaymar, thermostat 
controlled, water blanket. A rectal thermocouple is used for body temperature control. 
15 Surgical plane of anesthesia can be assessed using a tail/toe pinch reflex and corneal 
reflex. A stereotaxic injection is performed using a frame mounted micromanipulator 
holding a Hamilton syringe and 33 GA needle. The microsyringe is mounted in a 
Micro-1 microsyringe pump controller (World Precision Instruments) that allows for a 
continuous injection over a controlled time. 1.5 pi volumes of FIV-gfp or FIV-cregfp 
can be injected into mouse frontal cortex using the following coordinates: bregma: 0.5 
mm, lateral 1.8 mm, depth 1.8 mm relative to the skull surface. Injections can be 
performed over a time interval of not less than 10 minutes to prevent any possible 
pressure backflow of the solution and to minimize nerve cell injury around the needle 
tract. After completion of the injection, the needle is slowly raised over 3-5 min and 
the burr hole can be covered with Ethicon bone wax. The soft tissues of the scalp can 
be sutured using 6-0 Ethicon monofilament nylon. 

(4) Quantification of mRNA Abundance by Real- 
Time RT-PCR 

300. Cortex containing the injection site can be dissected out and frozen in 
30 isopentane chilled with dry ice. The tissue can be stored in sterile tubes at -80°C until 



20 
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ready for RNA isolation. RNA can be isolated using Trizol reagent (Invitrogen), 
precipitated and the concentration determined by spectrophotometry. First -strand 
DNA can be synthesized by using 2 jig of DNase-treated RNA, oligo(dT) primers, and 
Superscript II (Invitrogen) according to the manufacturer's instructions. 

5 Quantification ofmRNA levels can be carried out using an iCycler (Bio-Rad) 

and real time PCR with SYBR Green as the fluorescent marker (Molecular Probes). 
Prior to PCR of the cDNA samples, PCR conditions can be optimized for each mRNA 
to be analyzed. Standard curve reactions can be performed by varying annealing 
temperatures, Mg 2+ , primer, and SYBR green concentrations. Melt curve analysis can 

10 be also completed for each PCR amplification to confirm production of a single product 
with the expected melting temperature. Serial dilution of the starting cDNA template 
can demonstrate linear amplification over at least 5 orders of magnitude. Using the 
iCycler IQ 2.3 software (Bio-Rad) to analyze efficiency, PCR conditions can be varied 
until an efficiency of at least 95% is obtained. PCR reactions can be performed in a 

15 volume of 25 nl and typically contain 4.0 mM Mg 2+ , 0.2 jiM concentrations of each 
primer, 1 jil of SYBR green (1 : 100,000 final dilution), 100 \iM nucleotide mix 
(Stratagene), 0.5 U of Platinum Taq in PCR buffer (Invitrogen), and 1 fil of cDNA 
sample. To ensure consistency, a master mix can first be prepared containing all 
reagents except the cDNA sample. The primers were designed using the Oligo 6.0 

20 program (Molecular Biology Insights, Inc., Cascade, CO) and are listed in the following 
table 7. In general, PCR reaction conditions can be the following: denaturation at 95°C 
for 3 min, followed by 40 cycles of amplification by denaturing at 95°C for 30 s, 
annealing at 64°C for 30 s and extension at 72°C for 60 s. PCR products can be 
monitored using SYBR Green fluorescence during the last 10 s of each extension step. 

25 Results can be expressed as the number of cycles to reach threshold. For each PCR run, 
selected samples can be serially diluted and then amplified in order to determine PCR 
efficiency. To correct for variations in starting RNA values, the level of G3PDH 
mRNA can be determined for each sample and used to normalize all subsequent mRNA 
determinations. Each PCR run can be completed with a melt curve analysis to ensure 

30 quantification of a single specific product 
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Table7. PCR Primers. 



Molecule 


Upper Primer 


Lower Primer 


Mature 
hIL-ip 


SEQD)NO:9 


SEQ ID NO:lU 


GCACCTGTACGATCACTGAACTGC 


CTTTAGGAAGACACAAATTGCATGG 


Human 
ssIL-lp 


SEQroNO:ll 

ATGGAAATCTGCAGAGGCCTCC 


SEQ ID NO:12 

CTTTAGGAAGACACAAATTGCATGG 


Secreted 
hlL-lra 


SEQ ID NO:13 


SEQ ID NO:14 


ATGGAAATCTGCAGAGGCCTCC 


CTACTCGTCCTCCTGGAAGTAGAATTTG 




SEQIDNO:15 


SEQ ID NO:16 


LacZ 


TTTTTCCAGTTCCGTTTATCC 


TTTATCGCCAATCCACATCT 


Murine 
IL-lp 


SEQ H) NO:17 


SEQ ID NO:18 


GAGAACCAAGCAACGACAAAATAC 


GCATTAGAAACAGTCCAGCCCATAC 


Murine 
COX-2 


SEQH)NO:19 


SEQIDNO:20 


CCGTGGGGAATGTATGAGCA 


CCAGGTCCTCGCTTATGATCTG 


Murine 
G3PDH 


SEQIDNO:21 


SEQ ID NO:22 


ACCACAGTCCATGCCATCAC 


TCCACCACCCTGTTGCTGTA 



(5) Protein Quantification 

301. ELISA kits for human EL-lp and human IL-lra are obtained from R&D 
systems. For cell culture experiments, supernatants can be used directly or diluted with 

5 ELISA buffer as needed for assay. For measurements of cytokine in brain tissue, the 
area of interest can be carefully dissected and then homogenized in phosphate buffered 
saline (pH 7.4; 100 mg/ml) containing a protease inhibitor cocktail (Roche) at 4°C. 
Following centrifugation for 15 rnin at 8,000 x g, supernatants can be collected and kept 
frozen in Eppendorf tubes at -80°C. All measurements can be related to total protein 

10 levels, deterrnined using the micro-BCA method (Pierce). 

(6) Immunocytochemistry 

302. For immunocytochemistry of glial cells and Ap deposits, mice can be 
anesthetized with IP ketamine (60-90 mg/kg) plus IP xylazine (4-8 mg/kg) and 
sacrificed by intracardiac perfusion with 4% paraformaldehyde in a sodium phosphate 

15 buffer, pH 7.2. The perfusion pressure is monitored to insure that it does not exceed 90 
mm/Hg and artificially open the BBB. The brain can be removed and postfixed for 2 h. 
At this point brains can be coded to insure unbiased processing and analysis. 
Following equilibration with 30% sucrose in phosphate buffer, brains can be frozen, 
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and 30 \im fiozen sections cut on a sliding knife microtome. The sections can be stored 
in cryoprotective solution until ready for ICC processing. Sections can be processed 
using a free-floating method for immunocytochemical localization of GFAP (rabbit 
polyclonal; 1:2000 dilution, Dako), Mac-1 (monoclonal; 1:250; Serotec), MHC-H 
5 (monoclonal; 1:1000; Bachem), A(J (rabbit polyclonal; 1:1000; BioSource #44-136), 
and phospho-tau (AT8; 1:500; Pierce # MN1020B). Visualization of aU antibody- 
positive cells can be carried out by the Elite avidin-biotin (V ector Labs) procedure. 
Sections for Ap ICC can be treated with 70% formic acid for 3 min prior to 
immunostaining. After extensive washing of the tissues and blocking of endogenous 
10 peroxidase by 30 min incubation in methanol containing 0.5% H2O2, the sections can 
be incubated in 10% normal goat serum for 1 h in PBS. The tissue can then be 
incubated 24-48 hours at 4°C in the primary antiserum at the dilutions listed above in 
PBS containing 1% normal serum and 0.4% triton X-100. After extensive washing, the 
sections can be incubated in a biotinylated secondary antiserum for 2 hours. 
1 5 Subsequently, sections can be rinsed in PBS and incubated with the Elite avidin-biotin 
complex for 2 hours. After a final series of washes in a sodium acetate + imidazole 
buffer, the peroxidase reaction can be developed in a solution containing 0.05%, 3,3- 
diaminobenzidine (DAB), 0.1 M nickel sulfate, 0.125 M sodium acetate, 10 mM 
imidazole and 0.03% hydrogen peroxide. The reaction can be monitored visually and 
20 terminated with washes in PBS. X-gal histochemistry is accomplished by standard 
procedures [Olschowka, J.A., et al Mol. Therapy (2003) 7:218-227]. For double 
labeling of Ap and activated glia, nickel can be omitted from the DAB reaction for Ap 
(first reaction) to give a brown colored product. The ICC protocol can then be repeated 
for glial staining using nickel enhanced DAB or Vector Blue chromophore. Sections in 
25 which cell numbers or staining intensity can be compared between treatments can be 
processed together to limit variability. Sections can then be mounted, dehydrated and 
cover slipped with DPX. Control sections for antibody specificity can be processed 
simultaneously and can include incubations with normal serum in lieu of the primary 
antibody. 
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(7) Studies examining effects of transgene induction in 
double transgenic DL-lp (and IL-lra) XAT/APPsw 
mice 

303. Heterozygous XAT mice from lines showing robust transgene induction 
5 can be crossed with heterozygous APPsw mice to generate double transgenic mice. 
Viral transduction can be carried out at 3 months of age and animals examined 
histologically at one and six months following viral transduction to determine the 
effects of transgene expression on glial activation, Ap deposition, and tau 
phosphorylation. These studies can also be establish whether transgenes remain 
10 activated for a chronic period (6 months). Wild type, and XAT and APPsw single 
transgenic mice arising from the breeding strategy can be used as controls for these 
experiments. 

(8) double transgenic IL-1 p (and IL-lra) XAT/APPsw 
mice 

15 304. Heterozygous XAT mice fromlines showing robust transgene induction 

in Specific Aim 2 can be crossed with heterozygous APPsw mice to generate double 
transgenic mice. Viral transduction can be carried out at 3 months of age and animals 
examined histologically at three and nine months following viral transduction to 
determine effects of transgene induction on glial activation, Ap deposition, and tau 

20 phosphorylation. These studies can also establish whether transgenes remain activated 
for a chronic period (9 months). Wild type, and XAT and APPsw single transgenic 
mice arising from the breeding strategy can be used as controls for these experiments. 

305. All studies can be carried out using histological preparations. A total of 
120 animals can be used in this experiment as summarized in Table 8, below, with 5 

25 animals in each group. Parameters to be measured include localization/extent of 

transgene expression/viral transduction and the relationship of transgene expression to 
glial activation, Ap deposition, and immunohistochemical evidence of tau 
phosphorylaion. Fixed tissue can be sectioned in the coronal plane and used for 
quantitative and morphometry analyses. Localization of transgene expression can be 

30 accomplished by LacZ immunohistochemistry (cells that underwent recombination), 
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detection of green fluorescent protein (for viral transduction), and antibodies specific 
for human IL-lp or IL-lra. If cytokine antibodies are not of sufficient sensitivity, 
sections can be subjected to in situ hybridization with probes for hBL-ip or hIL-lra. 
Data to be gathered include regional density (i.e. in the vicinity of transgene expression 

5 versus a similar region in the adjacent contralateral hemisphere) of activated microglia 
and astrocytes (sections stained with Mac-1 and GFAP, respectively), numbers of 
activated microglia and astrocytes associated with Ap deposits (using double ICQ, and 
measures of amyloid deposition including total plaque burden (area covered), density, 
and size distribution of plaques flabeled by ICC). One of the most relevant measures of 

10 this relationship can be the number of activated microglia and astrocytes associated 
with Ap plaques. This relationship appears to be influenced by NSAIDs in human 
brain tissue [Mackenzie, I.R.A. and D.G. Munoz. Neurology (1998) 50:986-990]. Data 
can be examined as a function of plaque size since numbers of activated microglia are 
highly correlated with extent of Ap deposition [Frautschy, S.A, et al. Am. J . Pathol. 

15 (1998) 152:307-3 17]. In addition to comparisons between defined regions in control 
and activated mice, the local influence of transgene expression can be compared with 
adjacent tissue at specified distances from transduced cells using a zonal image analysis 
paradigm. 

(9) Analysis of Glial Activation and Ap Deposition 

20 306. Stained sections can be viewed in a Zeiss Axioplan light microscope 

equipped with a DAGE color video camera, SONY high resolution color monitor, 
Apple Macintosh G4 computer, and Ludl XY and Z motorized stage. Morphometry 
data can be collected using the stereological program NeuroZoom and its optical 
disector method for unbiased cell counting. Areas containing cells to be counted can be 

25 determined using standard point counting grids. For the FIV induction studies, it is 
anticipated that this area can correspond to a 0.5 mm sphere surrounding the injection 
site. The extent of viral transduction by X-gal histochemistry, GFP 
immunofluoresence, and cytokine detection can be verified by antibody or in situ 
hybridization. Horizontal sections can be used and every fifth section can be counted 

30 initially until a power analysis can be completed to determine when significance is 
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reached. The estimated number of labeled cells can be expressed as # per unit volume 
of cortex. 

307. For analysis of transgenic mice, coronal sections can be used to obtain 
counts of activated glia and plaques in mouse cortex. Morphometric data (size of glia 

5 and plaques) can also be obtained from these sections. Sections can be sampled 

throughout the injection site and can be compared to a similar area in the contralateral 
hemisphere. Plaque size and density can be determined in the same cortical and 
hippocampal areas in every fifth section. Measures of activated glia associated with 
plaques can be obtained in two sets of five sections double stained for Ap and GFAP or 

10 Ap and MHC-II, respectively. For this analysis, plaque size can first be recorded by 
measuring the extent of brown staining. The number of activated glia can then be 
manually determined in an area extending 3 plaque radii from the center of the plaque. 
Small diffuse plaques and satellite plaques can not be included in this determination. 

(10) Transgenic Mouse Genotyping 

!5 308. Mice can be tail clipped and ear punched at the time of weaning for 

genotyping and identification. DNA can be extracted from tail clips using a Wizard 
DNA isolation kit (Promega), which is a fast and highly reproducible method. Primers 
for detection of modified human IL-lp and human IL-lra in transgenic mice are 
described below (under RT-PCR). APPtg2576 K/M670/1N/L (APPsw) can be 

20 maintained as hemizygotes on their C57BL/6/ S JL background. To detect the PrP-APP 
transgene in the APPsw mice, DNA can be amplified using PCR with the primers SEQ 
ID NO:23 5 '-CTGACC ACTCGACCAGGTTCTGGGT-3 ' (upper) and SEQ ID NO:24 
5'-GTGGATAACCCCTCCCCCAGCCTAGACAA-3' (lower). Use of this later 
primer with SEQ ID NO:25 5 '-AAGCGGCCAAAGCCTGGAGGGTGGAACA-3 ' 

25 amplifies part of the mouse PrP gene and can be used as a positive control in all 
genomic analyses [Hsiao, KL, P. Chapman, S. Nilsen, C. Eckman, Y. Harigaya, S. 
Younkin, F. Yang and G. Cole. Science (1996) 274:99-102]. 



30 
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Group Genotype Treatment Number 

1 Wild-type FIV-gfp 5 

2 Wild-type FIV-gfpcre 5 

3 APPsw FIV-gfp 5 

4 APPsw FIV-gfpcre 5 

5 hIL-ipXAT FIV-gfp 5 

6 hIL-ipXAT FIV-gfpcre 5 

7 WL-lraXAT FIV-gfp 5 

8 hIL-lraXAT FIV-gfpcre 5 

9 APPsw XhlL-lpXAT FIV-gfp 5 

10 APPsw XhlL-ipXAT FIV-gfpcre 5 

11 APPsw XhlL-lraXAT FIV-gfp 5 

12 APP sw X HL-lra XAT FIV-gfpcre 5 

a An identical set of animals would be established for a three-month trial. 

309. The APPsw mice are on a mixed background (C57B1/6 x SJL) and are 
not viable on a pure C57 background. Because the C57B1/6 background is identical for 

5 the two transgenic XAT lines, it is anticipated that control wt mice and single 
transgenic APPsw mice arising from heterozygous crosses can show the same 
phenotype. 

4. Example 4: EL-ip*^ and RAP** 7 for Brain Expression using 
the GFAP Promoter and Joint Expression using the Colli 
10 Promoter 

a) Cloning of the Backbone IL-ip*^ and RAP** 1 Vectors 

310. The construct ssIL-1 beta (539 bp) codes for the signal sequence of the 
human interleukin-1 receptor antagonist (hIL-IRA, 75 bp) fused to the mature form of 
the human interleukin-1 p protein [Wingren, A.G., et al., Cell Immunol, 1996 

15 169(2):226-37]. ssIL-1 beta was amplified using standard PCR from human cDNA 

(obtained from the human monocytic cell line, U937) using the ILlB-17kD-UP and IL- 
lB-17kD-LP primers. The signal sequence from IL-1RA was added using 3 new upper 
primers that extended from the 5 prime end of the IL-1 beta mature product, and the 
lower primer from above. After each PCR reaction, the product was re-amplified with 

20 the next set of primers. The primers used were: ILlB-ss-UP2, IL1B-SS-UP3, ILlB-ss- 
UP4. The product from the last set of PCR primers was gel isolated and cloned into the 
vector pCRH-TOPO following the manufacturers protocol (Invitrogen). The resulting 
vector was transformed into E. Coli, and plasmid DNA was isolated from a single 
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colony. Insert size and orientation was confirmed via restriction digests (EcoRI, 
Hindffl, Kpnl). Sequencing from the M13 and 17 primers within pCRII-TOPO 
identified clones with a nearly correct sequence, albeit in the opposite desired 
orientation. Errors at the 5 prime end near the ATG start of the ssEL-1 beta construct 
were corrected by reamplification of the construct using the upper primer HIL-1B- 
FDOJP, and the lower primer IL-lB-17kD-LP, followed by re-cloning in pCRH-TOPO. 

311. The construct hsIL-IRA (534 bp, also known as IRAP) consists of the 
cDNA from the human secreted form of the IL-1 receptor antagonist, complete with its 
own signal sequence. This was amplified from human monocytic cDNA (cell line 
U937) using the HIL-1B-FIXUP upper primer and HSIL-1RA-LP lower primer. The 
product was cloned into pCRH-TOPO, and sequenced as described above for ssIL- 
lbeta. 

312. ssIL-1 beta and hsIL-IRA were men sub-cloned into the commercial 
vector pBSH KS+ (Stratagene) using the EcoRI sites flanking the construct in pCRH- 
TOPO, and the single EcoRI site in pBSH KS+. This was done is order to reverse the 
construct orientations in pCRfl-TOPO. Correct orientation and size in pBSH KS+ was 
confirmed using restriction digests (Eco RL Hindffl, Kpnl). Sequences were confirmed 
using the T3 and T7 primers of pBSIIKS+ (note hsIL-IRA contains a single base pair 
silent mutation). 

313. The vector pBigT/CMV was originally derived as follows. The CMV 
promoter sequence was amplified from the pRc/CMV vector (Invitrogen, Carlsbad CA) 
using primers that included the PacI restriction enzyme cutting sites: 

314. Upper primer: AAT ATC TTA ATT AAA TCT CTA GAT GCT TCG 
CGA TGT ACG GGC (SEQ ID NO:73) 

315. Lower primer: TAG TCA TAT ATG ATC TTA ATT AAA AGC TTG 
GGT CTC CC (SEQ ID NO:74) 

316. The Pac I-flanked CMV construct was digested with Pac L gel purified 
and subsequently cloned into the Pac I site of the pBigT vector upstream of a Lox P 
flanked (floxed) transcriptional termination cassette [Srinivas, S., et aL, BMC Dev Biol, 
2001 1(1):4.; see website: www.srinivas.org for plasmid map and sequence]. The DNA 
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seq uences IRES-LacZ-Poly A were sub cloned from the vector pBSKES-LacZ 
(d escnT>edinPCT/USO^^ 

ma terialrelated to vector production) into pBigT/CMV using the unique Xhol and NotI 
sites within each of these vectors. The resulting vector was confirmed with Xho I 
restriction digestion, yielding a~llkb sequence. 

317 The constructs ssIL-1 beta and hsIL-IRA were subcloned from pBSH 

KS + in the same manner as follows: The BamHI sites of the constructs in pBSH KS + 
andm eNheIsiteof P BigT/CMVwerebluntendedusmgT4DNAPolymeras,Ne^ 

anpmductswereSalldigested.andmeccnstxuctsandresultm^ 
UgatecLThepredicted final vectorwas confirmed via EcoPJ digestion, yielding brands at 
-.6, 2.7, 3.5 and 5 kbp. Final products- ssIL-lbetainpBigT/CMV equalsIWP , 

hsn.lRAinpBigT/CMV=RAP XAT . 

b) Creation ofGFAP-IL-iP^GFAP-RAP^^ and Mice 

Harboring these Transgenes 
318 The final cloning step involved the substitution of the CMV promoter at 
the unique Pad site of pBigT with a murine glial fibrillary acidic protein (GFAP) 

neural cell (astiocyte) specific expression of the t^genes [C^ 
Nad Acad Sci U S A, 1993 90(21):10061-5 ; Stalder, A.K., et al., Am J Pathol, 1998 
153(3)767-83]. The final GFAP-IL-ip^ construct is illustrated in Figure 16. These 
constructs were tested by stable transfection into the rat astrocyte line RBA2 [Ue YC 
etal BramResMolBramRes.2003ni(l-2):61-73]usingG418selectior, Isolated 

stable cell lines were analyzed for evidence of successful recombination followmg 

; transienttransfe^ 

ofRAp xAT was shown by pgr amplification of DNA extracts with primers GFAP- 
RECTEST (binds to the 3' end of the GFAP promoter) and HSIL-1RA-I-F (Figure 17a). 
Expression of specifichuman cytokines (H.1P or IL-1RA) following recombinauon 
wasconfirmedbyELISA^&DSystemsiFigurelTb). Further evidence for 
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successful recombination was obtained by X-gal histochemistry, which showed 
expression of the IRES-lacZ gene only in cells transfected with pRC-CMV-Cre or 
infected with FTV-Cre (Figurel7c). 

319. The IL-1 transgene constructs were linearized, purified and injected into 
fertilized mouse eggs, then reimplanted into pseudopregnant mothers by the University 
of Rochester Transgenic core facility. Genomic DNA obtained from tail snips of 
founder mice enabled transgene screening by standard and real-time quantitative PCR 
(QRT-PCR). Of U liveEL-lp 0 " 1 * founders, 2 carried their transgene (Figure 18). Of 30 
live RAP™ 1 " founders screened, 3 carried the transgene (Figure 19). Initial analysis of 
transgenic founders indicated that transgenes were present at gene copy numbers of 5 to 
20 per cell. The IL-ip^ transgene was successfully passed from each of the 2 
founders to the Fl generation lines LI A and LIB, while to date one RAP™ 7 founder 
has passed the transgene to the Fl generation of line R1C (Figure 20). These lines can 
be bred to produce heterozygote and homozygote F2 transgenic lines. 

c) Creation of Colli- IL-lp 5 ^, Com-RAP 5 ^, and Mice 
Harboring these Transgenes 

320. The rat Collal promoter was kindly donated to us by Dr. Barbara Kream 
(University of Connecticut) in the pUC12 plasmid without an MTA The 3.6 Kb 
promoter sequence was excised following Xba I digestion of the aforementioned 

20 plasmid, gel purified and then cloned into the following plasmid containing a custom 
made cloning site. 

321. A custom made cloning site was prepared by direct DNA-oligo synthesis 
through the commercially available Gibco/BRL service employing the following 
sequences: 

25 322. Upper strand: S> ATT AAT TAA TCG ATG CGG CCG CTC TAG ATT 

AAT TAA TA 3 ' (SEQ ID NO:75) 

323. Lower strand: 5 TAA TTA ATT AGC TAC GCC GGC GAG ATC TAT 
TTA ATT AT 3 ' (SEQ ID NO:76) 

324. The two oligos were then hybridized via a single PCR cycle using Taq 
30 polymerase, and subsequently cloned directly into the pCPJI-Topo vector (Ihvitrogen, 
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Carlsbad CA) per manufacturer's instructions. The pCRII-Topo vector's Xba I site was 
excised by EcoR I - Apa I digestion, DNA blunting and re-ligation using standard 
molecular biology methods. 

325. The Xbal-linearized Collal promoter was cloned into the XBA I site of 
5 custom-made cloning vector and 5' - to - 3' orientation was confirmed. Next, the 

Collal promoter containing PacI-PacI sequence was excised by restriction enzyme 
digestion (Pac I), gel purified and cloned into the Pac I site of pBigT/CMV equals JLr 
l^ 7 vector (described herein in Example 4a) after simultaneous excision of the present 
CMV sequences, generating the desired COLMLlp** 7 transgene (pCOLl-ILlp XAT 
10 vector). 

326. The regulation of COLl-ILip^ by Cre recombinase was tested in the 
murine NIH 3T3 fibroblast cell line as follows. The COLl-ILlp^ vector was 
transiently co-transfected together with the HIV(cre) vector into NIH 3T3 cells 
employing the Lipofectamine 2000 reagent (Invitrogen) per manufacturer's instructions. 

15 Please refer to Figure 21 A. In brief, Cre successfully induced the expression COL1- 
ILip 5 ^ 7 in vitro as assessed by the expression of IL-lp mRNA. Furthermore, the 
HTV(Cre) vector was packaged in the 293FT packaging cell line with the aid of vectors 
pLPl, pLP2 and pLP/VSVG vectors (Invitrogen) per manufacturer's instructions. The 
virus was then used to infect a stable cell line inherent of the COLl-ILlp*^ gene 

20 (Figure 21B) (Figure 22). In brief, infection of NIH 3T3 cells that were previously 
transfected with the COLl-ILip** 7 vector resulted in the expression of IL-ip mRNA. 

327. The HlV(Cre) vector was developed as follows. The commercially 
available pLenti6/V5-D-Topo system (Invitrogen) was employed. The fusion gene 
containing the nuclear localization sequence (nls) and the bacterial cre recombinase 

25 gene was developed off the pCrePr* 1 vector (Kyrkanides et al. Transcriptional and post- 
translational regulation of Cre recombinase by RU486 as the basis for an enhanced 
inducible expression system. Molecular Therapy 8: 790-795, 2004; see also 
PCT/US03/13672 which is herein incorporated by reference at least for material related 
to vector production) by PGR using the following primers: 
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328. Upper primer: TCC AAT TTA CTG ACC GTA CAC C (SEQ ID 
N0:71) 

329. Lower primer: GCA ACA CCA TTT TTT CTG ACC (SEQ ID NO:72) 

330. The subsequent PCR product was directly cloned into the pLenti6/V5-D- 
5 Topo vector per manufacturer's instructions. 

331. The COL1-IL1 p 00 " stable cell lines were developed by transfecting NIH 
3T3 cells with the Not I - Not I segment of the pCOLl-ILip^ vector using the 
Lipofectamine 2000 reagent (Jhvitrogen) per manufacturer's instructions and 
subsequently challenging the cells with the antibiotic G418 (1,000 mg/mL). Surviving 

10 clones were then picked, expanded and analyzed by PCR for the presence of the COL1- 
ILlp 00 " - gene by PCR (Figure 22A). The ceU clones were expanded and further 
maintained under 400 mg/mL of G418. The inducibility of the COL1-IL1 p** 1 " gene was 
studied by RT-PCR for the human EL-ip (Figure 22B) and the expression of Cre 
recombinase in these cells was confirmed by RT-PCR for Cre recombinase (Figure 

15 22C). 

332. A new Cre viral vector was developed on the feline immunodeficiency 
virus system from SBI (Mountain View, CA). In brief, the lacZ gene was excised from 
the vector and the backbone was gel purified. FW(nls) Cre was constructed with SBI 
FTVLacZ backbone (excised the LacZ sequence from Xbal to Sail sites) and add the 

20 insert of nlsCre sequence from HIV(Cre) by Spel and Bpul 1021 enzyme digestions. 
The backbone and insert DNAs were blunted at both ends before the ligation. 
Subsequently, NIH 3T3 cells were infected with the FTV(nlsCre) virus and subsequently 
transfected with the CMV-ILlp 5 ^ 1 ' gene. 

Table 9. COLl-IL-ip** 7 transgenic mouse: locomotive dysfunction 
after FTV(nlsCre) injection 

Originating from mouse #13 (born on 5/18/04 - injected on 9/15/04) 

F2 Female #36-/- #37+/- #38+/- #39-/- 

FIV-nlsCre FTV-nlsCre FTV-Hex Saline 

10/19/2004 21.04 gm 17.7 gm 20.89 gm - 21.18 gm 

1'48" 0'4" 3' 59" 9' 26" 

1<48" 0'2" died 0'2" 

10/2672004 22.62 gm 18.36 gm - 2 \?Lf a 

1'22" 0'19" - 355 
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1'35" 0'44" - O'll" 

11/2/2004 22.7 gm 18.36 gm 21.01 gm 

1'08" 0'3" - l'08 w 

I'lO" 0*15" - 0*47" 
0' 15" 

Originating from mouse #14 (born on 5/18/04 - injected on 9/16/04) 
F2 Female #45-/- #46+/- #48+/- #47-/- 
FTV-nlsCre FIV-nlsCre FIV-Hex Saline 

10/19/2004 20.02 gm 19.76 gm 20.18 gm 18.29 gm 

10' 00" 3' 05" 0'29" 10' 00" 

3' 15" 

10/26/2004 20.90 gm 21.51 gm 20.82 gm 18.89 gm 

3»45" 2*15" 0'33" 1' 37" 

3' 45" 2' 22" 

11/2/2004 21.18 gm 21.22 gm 20.8 gm 20.24 gm 

1'41" 1'21" O'll" l f 03" 

0'51" 3' 48" 0'04" 4' 54" 

0' 10" 



Two mouse sublines (#1 3 and #14) originating from founder #4 have been bilaterally injected with 
FIV(cre) into the knee joint and are being monitored weekly for changes in locomotive behavior by 
the rotorod appliance (at 20 rpm) and mass (in grams). 

5 333. COL1-IL1 P** 7 transgenic mice were generated in the UofR Transgenic 

Facility. Not I - Not _ linearized fragment from the pCOLl-ILlp** 7 was gel purified 
and prepared following the facilities protocol. The fragment was microinjected in 
fertilized C57BL/6 oocytes and subsequently implanted into pseudo-pregnant mothers. 
Thus far, the strategy has yielded 8 pups, of which 3 were identified as positive 

10 founders by PCR of genomic DNA extracted from tail snips employing primers 

specifically designed against the JLl^ transgene (Figure 24). The 3 founders have 
been bred with C57B1/6 wild type stock mice for analysis of germ-line transmission. 
Details on the offspring have been provided in Figure 25 and Figure 26. 

334. A(hrdnistration of FIV(nlsCre) in vivo in both temporomandibular joints 

15 and knee joints was performed via intra-articular injection of 100 ul viral solution. The 
mice have been followed behaviorally and have found that the FIV(nlsCre) mice 
developed phenotypic changes that are expected in situations of inflammatory joint 
disease: decreased locomotion. Please see Table 9 for details. 
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d) Transgene activation in joints of Coll-ILip mice 

335. In order to evaluate the effect of transgene activation in the joints of 
Coll-ILlp** 7 mice, two sets of CollAULlp** 7 mice received intra-articular FIV(Cre) 
injections (a total of 10 6 infectious particles) in the right and left knee, as well as the left 

5 and right temporomandibular joint (TMJ). The mice were monitored over aperiod of 8 
weeks for changes in grooming behavior and locomotion. The mice were subsequently 
sacrificed and their knees and TMJs were histologically analyzed. 

336. Behavioral changes were assessed as previously described (Dubuisson, 
D. and Dennis, S. Pain 1977; 4: 161-74; Abbott FV, et al. Eur J Pharmacol 1986; 

10 126: 126-41), which are herein incorporated by reference for teachings related to these 
methods. In brief; a group of Coll-ILlp** 7 transgenic mice (N=3) received a single 
intra-articular injection of 10 6 infectious particles of FIV(Cre) in the right and left knees 
at 2 months of age. In addition, a second group of mice (N=3) received saline injection 
and served as controls. During a session, each mouse was videotaped for 1 hour. The 

15 tape was then transfenred digitally to a computer and analyzed in 20 periods of 3 
minutes each. The duration of each mouse displaying grooming and licking was 
recorded and summed as seconds by an investigator who was blind to the animal group 
assignment. Injection of FIV(Cre) into the knee of ColMLip** 7 transgenic mice 
resulted in a four-fold increase in the duration of grooming as compared to saline- 

20 injected controls (Fig. 9, P<0.05). 

337. Four groups of mice (N=3) were evaluated in terms of locomotive 
behavior by the rotorod appliance (Columbus Instruments, Columbus OH) and the lapse 
time until the mice fell off the rotating cylinder (20 rpm) was recorded. The mice were 
evaluated over a period of 8 weeks following the intra-articular injections (8 wks - 16 

25 wks of age). As seen in Figure 10, it was demonstrated that FTV(Cre)-injected Coll- 
ILip™ 7 transgenic mice developed significant locomotive deterioration (Tg+Cre) 
compared to transgenic mice injected with the control FlV(gfp) vector (TG+gfp), as 
well as the other control animals groups (WT-Cre & WT-saline). 

338. Immunocytochemical detection of the reporter gene p-galactosidase was 
30 employed to confirm the activation of the Coll-ILlp** 7 transgene by FIV(Cre) in this 



— 119 — 



WO 2006/053343 



PCT/US2005/042058 



mouse model using antibodies raised against p-galactosidase and Cre recombinase. 
Shown in Figure 1 1 is FITC-conjugated immunodetection of p-galactosidase (Fig. 
11 A), Texas Red-conjugated immunodetection of Cre recombinase (Fig. 11B), B/W 
image of the same microscopic field (Fig. 1 1C), overlap of panels A+B (Fig. 1 ID), and 

5 overlap of panels A+B+C (Fig. 1 IE). Demonstrated is the co-expression of P- 

galactosidase and Cre recombinase in vivo (Fig. 11, solid arrows). Note that there are 
more red cells than green cells (Fig. 11, open arrows) indicating that not all infected 
cells express the transgene CollAl^ILip-lKBS-lacZ in the same capacity. 

339. H&E staining of a knee section harvested from a 4 month old Coll- 

10 IL1 p™ 1 transgenic mouse injected with FIV(Cre) revealed the formation of fibrillations 
(Fig. 12A, solid arrow) and of an articular lip (Fig.l2B, open arrow). In contrast, a 
transgenic mouse that received the control vector FIV(GFP) did not develop such 
anatomic aberrations (Fig. 12B). Alcianblue / orange semi-quantitative evaluation 
showed a decrease in cartilage (Fig. 12C, less blue stain) and bone (Fig. 12D, less red 

15 stain) density in the Coll-ILl P^ T +FIV(Cre) knees compared to controls (Fig. 12E). 
Moreover, increased cloning along with thickening of the articular surfaces was 
observed in the experimental animals (Fig.l2C, indicated by small arrows). These 
observations indicate the presence of arthritis in the knee following transgene induction 
by Cre recombinase. 

20 340. Eight weeks after FlV(Cre) injection in the knee and TMJ of Coll- 

DLlp™ 7 mice, the brain was evaluated for activation of microglia and astrocytes by 
immunocytochemistry. Using a monoclonal antibody raised against the MHC-class II 
antigen, the presence of activated microglia was detected in the brain (Fig. 13A,C). In 
contrast, control animals did not display any MHC-II positive cells. Interestingly, there 

25 was lack of astrocyte activation in the brains of these animals as assessed by glial 
fibrillary acidic protein (GFAP) (Fig. 13B J)). In general, control animals (inactive 
transgenic mice) displayed no signs of brain inflammation by MHC-II or GFAP 
immunocytochemistry. 

341. Eight weeks after FIV(Cre) injection in the TMJ of Coll-ILl p™ 1 " mice 

30 anatomic aberrations of the joint were evaluated by semi-quantitative Alcian blue - 



— 120 — 



WO 2006/053343 



PCT/US2005/042058 



orange G histochemistry. Shown in Figures 14A and C are a TMJ section from an 
inactive Coll-ILl P** 1 mouse depicting the condylar head as well as the meniscus. In 
comparison, Figures 14B and C depict a TMJ section harvested from a Coll-ILip XAT 
mouse injected with FTV(Cre) in the TMJ. An apparent reorganization of the TMJ cell 

5 layers was observed following FTV(Cre) injection, whereby a loss of the most 

superficial cell layer was noted accompanied by disorganization of the prohferative 
layer of chondrocytes (Fig. 14, open arrows). In addition, a decrease in cartilage content 
was observed in the condylar head of FIV(Cre)-treated Coll-ILip XAT mice as evaluated 
semi-quantitatively by Alcian blue - orange G histochemistry (Fig. 14, purple/blue 

10 stain). 

XAT 

5. Example 5: Transgene activation in joints of Coll-ILip 



mice 



342. In order to evaluate the effect of transgene activation in the joints of 
Coll-ILip XAT mice, two sets of CollAl-ILip XAT mice received intra-articular FlV(Cre) 

15 injections (a total of 10 6 infectious particles) in the right and left knee, as well as the left 
and right temporomandibular joint (TMJ). The mice were monitored over a period of 8 
weeks for changes in grooming behavior and locomotion The mice were subsequently 
sacrificed and their knees and TMJs were histologically analyzed. 

343. Behavioral changes were assessed as previously described (Dubuisson, 
20 D. and Dennis, S. Pain 1977; 4: 161-74; Abbott FV, et al. Eur J Pharmacol 1986; 

126:126-41), which are herein incorporated by reference for teachings related to these 
methods. In brief, a group of Coll-ILl P** 1 transgenic mice (N=3) received a single 
intra-articular injection of 10 s infectious particles of FTV(Cre) in the right and left knees 
at 2 months of age. In addition, a second group of mice (N=3) received saline injection 
25 and served as controls. During a session, each mouse was videotaped for 1 hour. The 
tape was then transferred digitally to a computer and analyzed in 20 periods of 3 
minutes each The duration of each mouse displaying grooming and licking was 
recorded and summed as seconds by an investigator who was blind to the animal group 
assignment. Injection of FTV(Cre) into the knee of Coll-ILlp XAT transgenic mice 
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resulted in a four-fold increase in the duration of grooming as compared to saline- 
injected controls (Fig. 27, PO.05). 

344. Four groups of mice (N=3) were evaluated in terms of locomotive 
behavior by the rotorod appliance (Columbus Instruments, Columbus OH) and the lapse 

5 time until the mice fell off the rotating cylinder (20 rpm) was recorded. The mice were 
evaluated over a period of 8 weeks following the intra-articular injections (8 wks - 16 
wks of age). As seen in Figure 28, it was demonstrated that FIV(Cre)-injected Coll- 
ILip** 7 transgenic mice developed significant locomotive deterioration (Tg+Cre) 
compared to transgenic mice injected with the control FlV(gfp) vector (TG+gfp), as 

10 well as the other control animals groups (WT-Cre & WT-saline). 

345. Immunocytochemical detection of the reporter gene P-galactosidase was 
employed to confirm the activation of the Coll-ILip XAT transgene by FTV(Cre) in this 
mouse model using antibodies raised against p-galactosidase and Cre recombinase. 
Shown in Figure 29 is FTTC-conjugated immunodetection of p-galactosidase (Fig. 

15 29 A), Texas Red-conjugated immunodetection of Cre recombinase (Fig. 29B), B/W 
image of the same microscopic field (Fig. 29C), overlap of panels A+B (Fig. 11D), and 
overlap of panels A+B+C (Fig. 29E). Demonstrated is the co-expression of P- 
galactosidase and Cre recombinase in vivo (Fig. 29, solid arrows). Note that there are 
more red cells than green cells (Fig. 29, open arrows) indicating that not all infected 

20 cells express the transgene Coll Al -»IL1 p-DRES-lacZ in the same capacity. 

346. H&E staining of a knee section harvested from a 4 month old Coll- 
ILip^ 1, transgenic mouse injected with FlV(Cre) revealed the formation of fibrillations 
(Fig. 30A, solid arrow) and of an articular lip (Fig.l2B, open arrow). In contrast, a 
transgenic mouse that received the control vector FIV(GFP) did not develop such 

25 anatomic aberrations (Fig. 30B). Alcian blue / orange semi-quantitative evaluation 
showed a decrease in cartilage (Fig. 30C, less blue stain) and bone (Fig. 30D, less red 
stain) density in the Coll-ILip XAT +FIV(Cre) knees compared to controls (Fig. 30E). 
Moreover, increased cloning along with thickening of the articular surfaces was 
observed in the experimental animals (Fig.30C, indicated by small arrows). These 
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observations indicate the presence of arthritis in the knee following transgene induction 
byCrerecombinase. 

347. Eight weeks after FlV(Cre) injection in the knee and TMJ of Coll- 
IL1 p** 1 mice, the brain was evaluated for activation of microglia and astrocytes by 

5 immunocytochemistry. Using a monoclonal antibody raised against the MHC-class H 
antigen, the presence of activated microglia was detected in the brain (Fig. 3 1 A,C). In 
contrast, control animals did not display any MHC-II positive cells. Interestingly, there 
was lack of astrocyte activation in the brains of these animals as assessed by glial 
fibrillary acidic protein (GFAP) (Fig. 31B,D). In general, control animals (inactive 

10 transgenic mice) displayed no signs of brain inflammation by MHC-II or GFAP 
immunocytochemistry. 

348. Eight weeks after FIV(Cre) injection in the TMJ of Coll -ELI p** 7 mice 
anatomic aberrations of the joint were evaluated by semi-quantitative Alcian blue - 
orange G histochemistry. Shown in Figures 32A and C are a TMJ section from an 

15 inactive ColMLlp** 1 mouse depicting the condylar head as well as the meniscus. In 
comparison, Figures 32B and C depict a TMJ section harvested from a Coll-ILlp XAT 
mouse injected with FTV(Cre) in the TMJ. An apparent reorganization of the TMJ cell 
layers was observed following FTV(Cre) injection, whereby a loss of the most 
superficial cell layer was noted accompanied by disorganization of the proliferative 

20 layer of chondrocytes (Fig. 32, open arrows). In addition, a decrease in cartilage content 
was observed in the condylar head of FIV(Cre>treated ColMLip** 1 * mice as evaluated 
semi-quantitatively by Alcian blue - orange G histochemistry (Fig. 32, puiple/blue 
stain). 

6. Example 6: Temporally and spatially controlled IL-lp 
25 production in the adult mouse brain 

349. The ILlb-XAT construct was linearized and used to generate 2 
transgenic mouse lines (A and B) by the University of Rochester Transgenic Core 
Facility. Feline immunodeficiency (FTV) based vectors (1 .5 ml, ~1 .5 e4 infectious 
units) were used to deliver Cre (FIV-Cre), green flourescent protein (FIV-GFP) or LacZ 

30 (FIV-LacZ) to the mouse hippocampus under isoflurane anesthesia. Injections were 
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performed at 8-12 weeks of age in heterozygous animals which were provided with 
food ad libitum. Hippocampal RNA isolation was performed using Trizol, and cDNA 
was generated using Superscript m (Ihvitrogen). QRT-PCR was performed using the 
iCycler (Bio-Rad), and gene transcipt levels were determined relative to the 

5 housekeeping gene 1 8s. hnmunocytochemistry (ICC) was performed following 4% 
paraformaldehyde fixation and sucrose immersion. Brains were sliced into 30 mm free 
floating sections and antibody binding was visualized using diaminobenzidine or Texas 
Red conjugated antibodies (Vector Labs and Molecular Probes). Gene transcipt analysis 
was performed using student t-tests and 1-way ANOVA with Bonferonni post tests 

10 comparing ipsilateral hemispheres from lines A and B with those of control animals 
(n=3-5 per group). 

350. Figure 33 shows GFP expression in the mouse hippocampus 1 week 
following FIV-GFP injection. Hippocampal human IL-1 P expression leads to a robust 
neuroinflammatory response consisting of glial activation (Figure 34) and induction of 

15 cytokines (Figure 35) and chemokines (Figure 38). IL-ip is apotent driving force for 
neutrophil recruitment to the hippocampus, and likely involves induction of the ELR+ 
CXC chemokines. Two-weeks following FIV-Cre injection there were numerous 
neutrophils recruited to the hippocampal parenchyma (B/b »A/a) as evidenced by 7/4 
antibody staining (Figure 36). The two heterozygous IL-ip-XAT transgenic lines (A/a 

20 and B/b) have distinct phenotypes following gene induction (Figure 37). 

7. Example 7: Glial cell activation in peripheral pain 

351. Orofacial grooming is significantly increased in response to the 
application of painful stimulus (formalin) into the TMJ and normalized following 
systemic administration of morphine (Figure 39). Resistance to jaw opening is 

25 significantly decreased in response to the application of painful stimulus (formalin) into 
the TMJ and normalized following systemic administration of morphine (Figure 40). 

352. FlV(Cre) injection in the knee of Coll-ILipXAT mice resulted in 
transgene induction (Figure 41) and chronic expression of hIL-ip (Figure 42), which 
results in arthritic changes in the knee joint (Figure 43). 
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353. FlV(Cre) injection activates Coll-ILl pXAT gene expression in the TMJ 
of transgenic mice (Figure 44 and 45). As shown in Figure 46, COLl-ILlpXAT 
activation in the TMJ induces the expression of inflammatory mediators. Induction of 
IL-6 in the proliferative zone of the articular surface, as well as (Fig. 46C-D) increased 

5 COX-2 expression. Moreover, MMP-9 (gelatinase B) was also found increased in the 
experimental mice compared to controls (Fig. 46E-F) as assessed by 
immunohistochemistiy. Induction of IL-6, COX-2 and MMP-9 indicates the presence of 
inflammation in the TMJ of adult activated transgenic mice (40X). As further shown in 
Figure 47, COLl-ILipXAT activation in the TMJ induces arthritic changes in the TMJ. 

10 Further, Coll-ILipXAT activation in the adult TMJ results in orofacial pain and joint 
dysfunction (Figure 48). 

354. Interestingly, murine IL-1 P is induced in the brain stem of mice suffering 
from chronic TMJ arthritis. Eight weeks following viral transduction, the level of 
murine IL-ip expression was found significantly increased at the level of the main 

15 sensory nuclear of their brain stem compared to FIV(gfp)-injected (control) mice 

(Figure 49). Further, there was astrocyte activation (as assessed by GFAP IHC) in the 
brain stem of Coll-ILlpXAT mice exhibiting TMJ arthritis and pain (Figure 50). As 
shown in Figure 51, IL-ip injection into the cisterna magna induces neuronal excitation 
and astrocyte activation. 

20 355. As shown in Figure 52, FIV(ILlra) successfully transduces cells with a 

gene expressing DL-lra receptor antagonist. Infection of cells by FIV(ILlra) resulted in 
therapeutic ILlra levels (>30 jig/mL). 
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vn. CLAIMS 

What is claimed is: 

1 . A composition comprising a nucleic acid sequence comprising an inactivating 
element, wherein the inactivating element is flanked by recombination sites, a 

5 positive transcription regulator sequence, a sequence encoding an inflammation 

element, and a poly A tail. 

2. The composition of claim 1 , wherein the nucleic acid further comprises a 
secretion signal sequence. 

3. The composition of claim 2, wherein the nucleic acid further comprises a 
1 o sequence encoding a marker. 

4. The composition of claim 3, wherein the nucleic acid further comprises an IRES 
sequence between the inflammatory element and the marker. 

5. The composition of claim 1, wherein the inflammatory element encodes COX-2. 

6. The composition of claim 5, wherein the nucleic acid encoding COX-2 
15 comprises human COX-2. 

7. The composition of claim 4, wherein inflammatory element encodes IL-lra. 

8. The composition of claim 7, wherein the nucleic acid encoding IL-ra comprises 
human IL-ra. 

9. The composition of claim 4, wherein the inflammatory element encodes IL-1 p. 
20 10. The composition of claim 9, wherein the nucleic acid encoding IL-1|3 comprises 

human IL-1 p. 

1 1 . The composition of claim 4, wherein the inactivating element comprises a 
termination sequence. 

12. The composition of claim 4, wherein the inactivating element comprises a frame 
25 shift mutation in a known coding sequence. 

13. The composition of claim 4, wherein the positive transcription regulator 
sequence comprises a CMV promoter. 
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14. The composition of claim 4, wherein the wherein the positive transcription 
regulator sequence comprises a COLLI promoter. 

15. The composition of claim 4, wherein the wherein the positive transcription 
regulator sequence comprises a GFAP promoter. 

5 16. The composition of claim 4, wherein the marker sequence comprises nucleic 

acids encoding fJ-galactosidase (lacZ). 

17. The composition of claim 4, wherein the marker sequence comprises nucleic 
acids encoding a fluorochrome. 

18. The composition of claim 17, wherein the fluorochrome comprises green 
1 o fluorescent protein (GFP). 

19. A composition comprising a vector, wherein the vector comprises the nucleic 
acid of claim 4. 

20. A composition comprising a cell, wherein the cell comprises the composition of 
claim 4. 

15 21 . A composition comprising a cell, wherein the cell comprises the composition of 

claim 19. 

22. A transgenic animal comprising the composition of claim 4. 

23. The transgeniuc animal of claim 22, wherein the animal comprises the 
composition of claim 4 in a germline cell. 

20 24. The transgenic animal of claim claim 22, further comprising Cre. 

25. The transgenic animal of claim 22, wherein delivery of Cre recombinase to cells 
within the animal will result in the expression of the inflammatory element 
within those cells. 

26. The transgenic animal of claim 22, wherein delivery of Cre recombinase to the 
25 circulation of the animal will result in the expression of the inflammatory 

element within cells in the brain. 

27. The transgenic animal of claim 22, wherein delivery of Cre recombinase to cells 
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within the joint of the animal will result in the expression of the inflammatory 
element within cells in the brain. 

28. The transgenic animal of claim 22, wherein delivery of Ore recombinase to cells 
within the joint of the animal will result in neuroinflammation. 

5 29. A method of making an excision activated transgenic animal with temporally 

conditional expression of an inflammatory mediator, comprising administering 
the composition of claim 4 to a cell, wherein the cell will form the animal. 

30. A method of screening/ testing the effectiveness of an anti-inflammatory 
compound on the treatment of inflammatory disorders, comprising 

1 o administering the compound to the animal of claim 22 . 

31. The methods of claim 30, wherein inflammation is induced by targeted 
expression of COX-2. 

32. The methods of claim 30, wherein inflammation is induced by targeted 
expression of IL^lp. 

15 33. The'methods of claim 30, wherein inflammation is induced by targeted 

expression of IL-lra. 

34. A transgenic animal comprising an inflammation element which is selectively 
expressed in a target tissue. 

35. The animal of claim 34, wherein the tissues is a nerve cell, bone cell, or 
20 cartilage cell. 
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SEQUENCE LISTING 

<110> University of Rochester 
Kyrkanides, Stephanos 
O'Banion, M. Kerry 

<120> INFLAMMATION MODELS IN NEURODEGENERATIVE 
AND ARTHRITIC DISORDERS 

<130> 21108. 0046P1 

<150> 60/646,097 
<151> 2005-01-20 

<150> 60/627,604 
<151> 2004-11-12 

<160> 76 

<170> FastSEQ for Windows Version 4.0 

<210> 1 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 1 

aggagatggc tgctgagttg g 

<210> 2 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note =* 
synthetic construct 

<400> 2 

aatctgactt tctgagttgc c 

<210> 3 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note « 
synthetic construct 

<400> 3 

gcagcctctg ttccacatac ac 

<210> 4 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence : /note * 
synthetic construct 

<400> 4 

aatctgactt tctgagttgc c 

<210> 5 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note 
synthetic construct 

<400> 5 

acacactcta tcactggcac 

<210> 6 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note 
synthetic construct 

<400> 6 

agattgttgt cagtatctgc c 

<210> 7 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note 
synthetic construct 

<400> 7 

acgcgtcacc ttaatatgcg 

<210> 8 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note 
synthetic construct 

<400> 8 

agattgttgt cagtatctgc c 

<210> 9 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 9 

gcacctgtac gatcactgaa ctgc 

<210> 10 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: /note 
synthetic construct 

<400> 10 

ctttaggaag acacaaattg catgg 

<210> 11 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note 
synthetic construct 

<400> 11 

atggaaatct gcagaggcct cc 

<210> 12 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note 
synthetic construct 

<400> 12 

ctttaggaag acacaaattg catgg 

<210> 13 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note 
synthetic construct 

<400> 13 

atggaaatct gcagaggcct cc 

<210> 14 
. <211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence : /note 
synthetic construct 

<400> 14 

ctactcgtcc tcctggaagt agaatttg 

<210> 15 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note 
synthetic construct 

<400> 15 

tttttccagt tccgtttatc c 

<210> 16 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note 
synthetic construct 

<400> 16 

tttatcgcca atccacatct 

<210> 17 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note 
synthetic construct 

<400> 17 

gagaaccaag caacgacaaa atac 

<210> 18 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: /note 
synthetic construct 

<400> 18 

gcattagaaa cagtccagcc catac 

<210> 19 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note 
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synthetic construct 
<400> 19 

ccgtggggaa tgtatgagca 

<210> 20 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note 
synthetic construct 

<400> 20 

ccaggtcctc gcttatgatc tg 

<210> 21 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of /Artificial Sequence : /note 
synthetic construct 

<400> 21 

accacagtcc atgccatcac 

<210> 22 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note 
synthetic construct 

<400> 22 

tccaccaccc tgttgctgta 

<210> 23 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note 
synthetic construct 



<400> 23 

ctgaccactc gaccaggttc tgggt 

<210> 24 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: /note 
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29 



28 



synthetic construct 
<400> 24 

gtggataacc cctcccccag cctagacaa 

<210> 25 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 25 

aagcggccaa agcctggagg gtggaaca 

<210> 26 
<211> 655 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note * 
synthetic construct 

<400> 26 

cgatgtacgg gccagatata cgcgttgaca ttgattattg actagttatt aatagtaatc 
aattacgggg tcattagttc atagcccata tatggagttc cgcgttacat aacttacggt 
aaatggcccg cctggctgac cgcccaacga cccccgccca ttgacgtcaa taatgacgta 
tgttcccata gtaacgccaa tagggacttt ccattgacgt caatgggtgg actatttacg 
gtaaactgcc cacttggcag tacatcaagt gtatcatatg ccaagtacgc cccctattga 
cgtcaatgac ggtaaatggc ccgcctggca ttatgcccag tacatgacct tatgggactt 
tcctacttgg cagtacatct acgtattagt catcgctatt accatggtga tgcggttttg 
gcagtacatc aatgggcgtg gatagcggtt tgactcacgg ggatttccaa gtctccaccc 
cattgacgtc aatgggagtt tgttttggca ccaaaatcaa cgggactttc caaaatgtcg 540 
taacaactcc gccccattga cgcaaatggg cggtaggcgt gtacggtggg aggtctatat 600 
aagcagagct ctctggctaa ctagagaacc cactgcttac tggcttatcg aaatt 655 

<210> 27 
<211> 655 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 



60 
120 
180 
240 
300 
360 
420 
480 



<400> 27 

cgatgtacgg gccagatata cgcgttgaca ttgattattg actagttatt aatagtaatc 
aattacgggg tcattagttc atagcccata tatggagttc cgcgttacat aacttacggt 
aaatggcccg cctggctgac cgcccaacga cccccgccca ttgacgtcaa taatgacgta 
tgttcccata gtaacgccaa tagggacttt ccattgacgt caatgggtgg actatttacg 
gtaaactgcc cacttggcag tacatcaagt gtatcatatg ccaagtacgc cccctattga 300 
cgtcaatgac ggtaaatggc ccgcctggca ttatgcccag tacatgacct tatgggactt 360 
tcctacttgg cagtacatct acgtattagt catcgctatt accatggtga tgcggttttg 420 
gcagtacatc aatgggcgtg gatagcggtt tgactcacgg ggatttccaa gtctccaccc 480 
cattgacgtc aatgggagtt tgttttggca ccaaaatcaa cgggactttc caaaatgtcg 540 
taacaactcc gccccattga cgcaaatggg cggtaggcgt gtacggtggg aggtctatat 600 
aagcagagct ctctggctaa ctagagaacc cactgcttac tggcttatcg aaatt 655 



60 
120 
180 
240 
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<210> 28 
<211> 2069 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 



<400> 28 . . 

aattccatac ctgcttgatc cacatatgaa ctacaggggg acatgatgag gtccagtcta 
aaggtcactg gcaacctctc tcaagatctc cctcactatg ccattattca ggattgggga 
agatgtggct ggagcctaag gggctcttcc cttccctatg gtgggactca ttaggagaac 
ctcagcaagc agtccactgt aagctcaaac aaataccatg tcgctggtat ggagtaaggc 
tgttgctatg acaggaactc aggggtctta actggcttga gcgctgggag ggggcagcag 
ccaggccttg tctgtaagct gaagacctgg cagtgctgag ctggtcaccc cccaggacct 
ccttttgtgc ccaacgagtg actcaccttg ggcatagaca taatggtcag gggtgggcac 
gcagcctgct tcccgctgtg ctccaggcct ccttcgatgc tttccgagaa gtctattgag 
ctgggagctt gtactgcacc cggggctgac atcctggcat cctgggataa aagcagccca 
cggggctgcc cttgccatat gcctcactgg cggcagagaa caaggctcta ttcagcaagt 
gccctggagt agacaccaga agcccaagca tgggcagagg aaggcagggg ttggggggag 
cagagctgtc tgtgttccag aagcccaagg acacagatgg ctaaggcgcc tgggagggac 
ctgagtggaa gagatagatg ggcctgaagt ctcaagcagc aacagcctcc tccccgccat 
tggtgagggt ggggtttggt ttcccggacc tacatatccc tcagaggcct ggtgtgtagg 
aatttaaagg aggtaaatct cctgagagaa tcaggggtac ccaggaagac ggggtgttac 900 
agaaagactc cagcatgcac agccaactca ctcaaaacta ctctgtcagg ggctgccggg 96 0 

ggccaggctc ggggtggggg gtgggggggc aaagagaagc tggaccaggg agaaatggcc 
cactaggctg gatatgaggc cacagagggg ctcaggaagg aagcctgctg tcttacccta 
ttaggatctg cgtgcatacc ttctgctgtg cactctaaac acacagccag aggctcaagt 
tgaccctgga gtcacagaga gggctccaac cttagccctc cactcctgaa ctccaggaat 
gagaagatag agttggagcg attcagggga gaggactctg ttgagaatgg gggtcacagg 
aaactgtaat ataggttgat cccggaggaa gggaataggt tcttcaagtt cctagcatct 1320 
cacaggcccc agagaaggac agagtggggt ggtcctggct taacaggctc taagaactgg 13 8 0 
aagctgatta ccccaccaag ctgtcactct ctgtctctgt ctctgtctct gtgtgtgcgc 
gctcgtgcac acttatcaca caaatgttca tgtgtgtgca catagatgag ttgacaccag 
aggtcaacct caggcactgt tgccttggtt ttctgagaga gcatttctct ctggacctgg 
aactcgccaa ttagtgagag ccaggaagtc tgctgatttt cactgcccag cactggagtt 
tacaagtatg cactgtcaac ccaggccttt tgtattcatt ctgcagctag aacttgggtg 
ggtcttcatg cttgacaggc aagcaattta tggactaagc tgtttcctcg gccctctctt 
gacccattta ccagaaaggg ggttccttga tcaatggcga acgcaggctg gtgtcccaag 
aaagccttga ctctgggtac agtgacctca gtggggtgag aggagttctc cccttagctg 
gqctggggcc cagctccacc ccctcaggct attcaatggg ggtgcttcca ggaagtcagg 
ggcagattta gtccaacccg ttcctccata aaggccctga catcccagga gccagcagag 1980 
gcagggcagg atggagcgga gacgcatcac ctctgcgcgc cgctcctatg cctccgagac 2040 
ggtggtcagg ggcctcggtc ctagtcgac 



960 
1020 
1080 
1140 
1200 
1260 



1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 



2040 
2069 



<210> 29 
<211> 3633 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: /note = 
synthetic construct 

tctagaatat agaagccaag gatttcaagg gtttcctttt ctctcttctt cttttttttt 60 

ctttttcttt ttcctgagat ggagtttcct tttgtagccc tgactgtcct ggaattcact 120 

ctatagacca ggctagcctc acacttagtg atctgcctgc ctctgcctct tgggtgcctc 180 

aggattcaag gcatgaacca ccactacccg accagggatt tcttacacac ttctgactgg 240 

actaaccagg aaagcagaga gggagacagg aagaaaatgc tcagaaggaa ggagtaggat 300 
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tggaggtgag ctgggggaac ccagactgag ccgtgcagaa gacaaggaag aagaaagcca 360 

cccacacacc taggatccac ccacagattt tgctctgggt acccctgtct ggagactgta 420 

gggctttgtg atggagggtg gggtagtctt catgccccgt gccctttact ccagacctaa 480 

atgcccaccc ccacatacag ctgctcgctc tctctctccc ctgcccttct cccaagagac 540 

cagttctcca tccctggtct gcagccaagg ctgggggcag aagaactttc tggaggattt 600 

gagtgagaaa agcaagagag cctcaagtag ggactggaac ctctgggaag ggagtgcaga 660 

ggagacccgg gtatgtgccc tacctggtac atttatacct gggcagcctc tgctcctgtt 720 

ccagacttca gagcccagac gggtcctctc cctccctcat gaggggaaac atttggggaa 780 

atttggagag agacagaact cagagctcag cactttcctc tttctgtttt tcttcttgag 840 

gaattttttc ccccaactgc tgatgacttt accattcttg ggggtggggg ggtggagatt 900 

ctggcttttg ctccccctac actccaagtg ccggacaaag ccctacattc cacaagaagc 960 

cagggcttca gagtttccta aagatgaggt ggcgtggcga gtctcctccc tctcccagct 1020 

ccaactcccc ctcccccagt ctccagccct agcctggcca gggaggcccc gccaggctgg 1080 

gaggagaccc caagcacatt cttcctctcg ctgtcatgct gcagaaatta aagacacatc 1140 

tctgagctgg gtacccgcca atcgtttcaa gttgagaagt ggcagaggag gtcccgagct 1200 

tcagctcatg ccacgtgtaa aggaagcttg gaacccactg cccacaactc ctggggcaaa 1260 

aacctggagt cagacatggg gtgaaggctg tcacacggca cagacacgtc aagcaccccc 1320 

cccaattcta gtagtctccf agcctccacc agaaccccag acccttgatg tggcagtcac 1380 

cagtccacac ctgttaggct cttgtctctt cttccagatg agcctggggg gcgtgggggt 1440 

gctagatcag gagcagggaa aagtagcttt ggataagtgc ttttcccaat acaaaaccca 1500 

acaaagagtg ggcagatcac actgtgtagt gcttcgtgga accctaccct agacaactgc 1560 

cttgaacacc tattccctct gatgtacacc atccccgtcc actgttaggg agtgggcatc 162 0 

ctttggaact gaccactgtg gaaggcagga ctttactgag ttccggaact accatctcag 1680 

cttctcagcc ccagccttac cctacaggca ctggcatagg cgggggcaga tcctgggcca 1740 

caagtcactg ccacatggtt gggataattg atgaagtcct gtccttccat tgctgtctcc 1800 

agttctgctt ctctggaaac tctatatttt tccctttaat tatagcctct gcagtctccc 1860 

tctgccaccc cacccgcacc gcttagccta actgcccacg gccagcgacg tggctccctc 1920 

cccttctgct cccttggtct tttttatttt tttttctttg ccttcgttgc acaaaactag 1980 

ctcagggagg gcgtgaaggg ggggggagca atggaatctt ggatggtttg gaggaggcgg 2040 

gactccttgc ttccacgttt acagctctga agacggctgt gggggaagtg atacaggacg 2100 

tctatgggcc ctgagaggag acccctatgc ttccctgcca cccacacagt ttaacaaaat 2160 

gaagttccta agtagagtgg gggtcaggca gagcaccttt gcagggttga tgggagccca 2220 

gggaaagaaa ggacactgtc ttttagggac acatttaaat ataagccact tttcttgggg 2280 

gacgacaaat gaccctttcc tgattgcaga ggtggggaac aatggctgag attttcagca 2340 

aagaagcgag gacatgagga gtagccttca aataaagtca ctcagctacc aaaaacaagt 2400 

ttctgccaca caccgagtta cctaggtgtc cccagaccag atccaagtac agtaaggaaa 2460 

gcaggttctc tacagagaga acacggctct atggccaatg ccttctacct gctctttctg 2520 

gattgatact gctacctaag agggcctcta accaattcct ggctgtagcc acagctgaca 2580 

caagaccttt ttctaagaca tccctggtca caggcctcct gtagcaaatt ccagccctgg 2640 

gatggaggtg gtcaggaaag agtttataca agaagaccca ggccacagct ttaaggactc 2700 

agaaaccccc ctgcccacac ggctgcccat cataacgcag aaggtttctt ctggaaggac 2760 

aaggatgtca aacttctccc caagcctaat cctcagagat gtctccctct gttacacctg 2820 

gggctggaga aaggtgggtc tttcatggag ccacattcat ggcagaacag atagccaccc 2880 

cactcctttc aaacaaccac atatctgact cttagtatct gtgaagagat gtctaatttg 2940 

ttcccaaata ttcctaccct gcatacctgg gcccacacca tgaggtattc tcctccctct 3000 

aacagtcaca tctgcttagc tgcctggttc ttcggatttg gagagatgct tgcctaactt 3060 

attcttcctt aggtcttccc aaggatgcca gaaagactat gagacatggc caagaggacc 3120 

ttttcccaat tgtgcctgac actgaaccct ttgtaatgtt ccccaactca gattcccaat 3180 

tctacatcct tctgatttga ggtcccagaa iggaaagtgca aggggcatcc cctacccaca 3240 

atcagtatat cgaggcccag ccacactcag tgatagcacc tctggcccat gtagatctgg 3300 

gggacaaggg tggcagaatt gcaaaggggg gagggggctg ggtggactcc tttcccttcc 3360 

tttccctcct cccccctctt cgttccaaat tgggggccgg gccaggcagt tctgattggc 3420 

tgggggccgg gctgctggct ccccctctcc aagaggcagg gttcctccca gccctcctcc 3480 

atcaggatgg tataaaaggg gcccaggcca gtcgtcggag cagacgggag tttcacctcc 3540 

ggacggagca ggaggcacac ggagtgaggc cacgcatgag ccgaagctaa ccccccaccc 3600 

cagccgcaaa gagtctacat gtctagggtc tag 3633 



<210> 30 
<211> 1404 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: /note = 
synthetic construct 

<400> 30 

tggtggtggt ggacaactag gaaactctgg cgctttctcc tcccctcaca aaactgagtc 60 

cagctggagc cgcctccaga ctctctggcc agggcctcag agtggtcaac agtccctggc 120 

cagcgttgct ctctccaggc taagggcacc cactcccctg gagattcctg aacctgggcc 180 

aggaagagcc gaattagaca agtgtctcca atccggctgc gtgcggattt tgttgcggtg 240 

tccctcggtt gtctgcagtt cctttagtcc cttccctggc ctgcccctta cacctccaca 300 

caggtccccc tctgtgtagg aatacaccag accctctctt agccacacac acctccagtc 360 

ccccgtctac ctagattttt ttcatagcta gttggatggg ggatgggtta gggaggctgg 420 

gtttgcgagc ctccaggtgg gagttcaccg acaggtactc cgcaaaggag ctggaaggca 480 

ggtctggaaa actgtccccc agatttagga ttctgggcag cttccatcag cttatacttt 540 

ggctcccccg cccctaaact ccccatcccc acctcctttc tcccgttact tcgtcctccc 600 

tcgcctttcc agcctcgagt ctaaagctcc atgcttatgc ctctgcaaac aaccccctcc 660 

cttctaaccc cagcagaact ccgaggaaag gggccggagg ccctcttctc gcctgtggtt 720 

agagggggca gtgtggcagt cccaagtggg ggcgaccgga ggccgtctcg gtgccccgcc 780 

cgatcaggcc actgggcaca tcgggggcgg gaagcgggct caccaaaggg gcgactggcc 840 

ttggcaggtg tgggctctgg tccgacctgg gcaggctccg ggggcggggt ctcaggttac 900 

aacgccacgg ggggctgggg gcggcccgcg gtttggttgg tttgccagcc tttggagcga 960 

ccgggagcat ataaccggag cctctgctgg gagaagcgca gggcgccgct gggctgccgg 1020 

gtctcctgcc tcctcctcct gctccgagag cctcctgcat gagggcgagg tagagacccg 1080 

gacccgctcc ggtctctgcc gcctcgccga gcttcgcccg ggccaaggct ctgcgggcct 1140 

cgcggtgagc catgattcgc ctcggggctc cccagtcgct ggtgctgctg acgctgctca 1200 

tcgccacggt cctacaatgt cagggccagg atgcccgtag gtcgcccacc acccctgcct 1260 

gcttccctga cttgcgaccc ttctcttctt ccctccgtcc gagttaggcg ccaagtccta 1320 

ggcgcgtagt gcacaggaga acactgatcc taatcctaat tctgctagtg aggagttctg 13 80 
tcgcagcatc ctcagtcaga gtcg 



1404 



<210> 31 
<211> 464 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 31 „ 

gcacctgtac gatcactgaa ctgcacgctc cgggactcac agcaaaaaag cttggtgatg 60 

tctggtccat atgaactgaa agctctccac ctccagggac aggatatgga gcaacaagtg 120 

gtgttctcca tgtcctttgt acaaggagaa gaaagtaatg acaaaatacc tgtggccttg 180 

ggcctcaagg aaaagaatct gtacctgtcc tgcgtgttga aagatgataa gcccactcta 240 

cagctggaga gtgtagatcc caaaaattac ccaaagaaga agatggaaaa gcgatttgtc 300 

ttcaacaaga tagaaatcaa taacaagctg gaatttgagt ctgcccagtt ccccaactgg 360 

tacatcagca cctctcaagc agaaaacatg cccgtcttcc tgggagggac caaaggcggc 420 
caggatataa ctgacttcac catgcaattt gtgtcttcct aaag 

<210> 32 
<211> 534 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: /note = 
synthetic construct 

<400> 32 



464 
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atggaaatct gcagaggcct ccgcagtcac ctaatcactc tcctcctctt cctgttccat 60 

tcagagacga tctgccgacc ctctgggaga aaatccagca agatgcaagc cttcagaatc 120 

tgggatgtta accagaagac cttctatctg aggaacaacc aactagttgc tggatacttg 180 

caaggaccaa atgtcaattt agaagaaaag atagatgtgg tacccattga gcctcatgct 240 

ctgttcttgg gaatccatgg agggaagatg tgcctgtcct gtgtcaagtc tggtgatgag 300 

accagactcc agctggaggc agttaacatc actgacctga gcgagaacag aaagcaggac 360 

aagcgcttcg ccttcatccg ctcagacagc ggccccacca ccagttttga gtctgccgcc 420 

tgccccggtt ggttcctctg cacagcgatg gaagctgacc agcccgtcag cctcaccaat 480 

atgcctgacg aaggcgtcat ggtcaccaaa ttctacttcc aggaggacga gtag 534 

<210> 33 
<211> 4465 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 33 

caattgtcat acgacttgca gtgagcgtca ggagcacgtc caggaactcc tcagcagcgc 60 

ctccttcagc tccacagcca gacgccctca gacagcaaag cctacccccg cgccgcgccc 120 

tgcccgccgc tcggatgctc gcccgcgccc tgctgctgtg cgcggtcctg gcgctcagcc 180 

atacagcaaa tccttgctgt tcccacccat gtcaaaaccg aggtgtatgt atgagtgtgg 240 

gatttgacca gtataagtgc gattgtaccc ggacaggatt ctatggagaa aactgctcaa 300 

caccggaatt tttgacaaga ataaaattat ttctgaaacc cactccaaac acagtgcact 360 

acatacttac ccacttcaag ggattttgga acgttgtgaa taacattccc ttccttcgaa 420 

atgcaattat gagttatgtc ttgacatcca gatcacattt gattgacagt ccaccaactt 480 

acaatgctga ctatggctac aaaagctggg aagccttctc taacctctcc tattatacta 540 

gagcccttcc tcctgtgcct gatgattgcc cgactccctt gggtgtcaaa ggtaaaaagc 600 

agcttcctga ttcaaatgag attgtggaaa aattgcttct aagaagaaag ttcatccctg 660 

atccccaggg ctcaaacatg atgtttgcat tctttgccca gcacttcacg catcagtttt 720 

tcaagacaga tcataagcga gggccagctt tcaccaacgg gctgggccat ggggtggact 780 

taaatcatat ttacggtgaa actctggcta gacagcgtaa actgcgcctt ttcaaggatg 840 

gaaaaatgaa atatcagata attgatggag agatgtatcc tcccacagtc aaagatactc 900 

aggcagagat gatctaccct cctcaagtcc ctgagcatct acggtttgct gtggggcagg 960 

aggtctttgg tctggtgcct ggtctgatga tgtatgccac aatctggctg cgggaacaca 1020 

acagagtatg cgatgtgctt aaacaggagc atcctgaatg gggtgatgag cagttgttcc 1080 

agacaagcag gctaatactg ataggagaga ctattaagat tgtgattgaa gattatgtgc 1140 

aacacttgag tggctatcac ttcaaactga aatttgaccc agaactactt ttcaacaaac 1200 

aattccagta ccaaaatcgt attgctgctg aatttaacac cctctatcac tggcatcccc 1260 

ttctgcctga cacctttcaa attcatgacc agaaatacaa ctatcaacag tttatctaca 1320 

acaactctat attgctggaa catggaatta cccagtttgt tgaatcattc accaggcaaa 1380 

ttgctggcag ggttgctggt ggtaggaatg ttccacccgc agtacagaaa gtatcacagg 1440 

cttccattga ccagagcagg cagatgaaat accagtcttt taatgagtac cgcaaacgct 1500 

ttatgctgaa gccctatgaa tcatttgaag aacttacagg agaaaaggaa atgtctgcag 1560 

agttggaagc actctatggt gacatcgatg ctgtggagct gtatcctgcc cttctggtag 1620 

aaaagcctcg gccagatgcc atctttggtg aaaccatggt agaagttgga gcaccattct 1680 

ccttgaaagg acttatgggt aatgttatat gttctcctgc ctactggaag ccaagcactt 1740 

ttggtggaga agtgggtttt caaatcatca acactgcctc aattcagtct ctcatctgca 1800 

ataacgtgaa gggctgtccc tt tact teat tcagtgttcc agatccagag ctcattaaaa 1860 

cagtcaccat caatgeaagt tcttcccgct ceggactaga tgatatcaat cccacagtac 1920 

tactaaaaga aegttcgact gaactgtaga agtctaatga tcatatttat ttatttatat 1980 

gaaccatgtc tattaattta attatttaat aatatttata ttaaactcct tatgttactt 2040 

aacatcttct gtaacagaag tcagtactcc tgttgcggag aaaggagtca tacttgtgaa 2100 

gacttttatg tcactactct aaagattttg ctgttgctgt taagtttgga aaacagtttt 2160 

tattctgttt tataaaccag agagaaatga gttttgacgt ctttttactt gaatttcaac 2220 

ttatattata agaacgaaag taaagatgtt tgaatactta aacactatca caagatggca 2280 

aaatgctgaa agtttttaca ctgtcgatgt ttccaatgea tcttccatga tgcattagaa 2340 

gtaactaatg tttgaaattt taaagtactt ttggttattt ttctgtcatc aaacaaaaac 2400 

aggtatcagt gcattattaa atgaatattt aaattagaca ttaccagtaa tttcatgtct 2460 
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actttttaaa 
acctgtaaaa 
gctgtcttgg 
tattttataa 
aaacttcctt 
tctcaaaata 
gtaaaatcta 
caaattattg 
actgcaggcc 
ataacgatat 
ttgcaaaagt 
cattaatttt 



acctgcatgc 
ctcatcactt 
tggactctgc 
aggactgcta 
aatagtatac 
atctgtaacc 
tgactggaaa 
caaatgatat 
atctcattgt 
tttatgtctt 
ttttttgtta 
aacaatccaa 
catattgaga 
aaagaatatt 
gggatctgtg 
tcaagcactg 
tataaataat 
aaagataact 
agaaatagtc 
gatttgttat 
gtttcagtgc 
tgtctgttta 



atcagcaatg 
gcttgtttga 
atttaaatct 
gtgatgttcc 
ttaaatcaaa 
agaatatttt 
tatcagcaaa 
ttcaaattta 
tggtactcag 
gttttctcag 
agcaatgacc 
atctcagtct 
tgttcctttt 
cgtttctcct 
ctatattttc 
tttagctcct 
acttatttta 
aagatggatg 
aagttacgtt 
ctaagtagtt 
cactgacatt 
attaggacac 
tgtcacaatc 
agaaatgatt 
tatttaaggt 
gtctcattag 
gatgcttcgt 
tgggttttaa 
tgaaaaaaat 
caggagaatc 
aatatgcttg 
taacattgat 
ctcagacaaa 
tttttgtact 



aaacaataat 
tttcttaaag 
gtaaaatcag 
tttttcacca 
atgccaaatt 
gttgagatat 
agggtctacc 
ggtttaaact 
attttgctat 
attttctgtt 
tcataaaata 
tgaagccaat 
cttttcttct 
attttgtttt 
ttacctgaac 
cttaagaaga 
agtgaaaagc 
caaagaggct 
cccattctaa 
ctcagcaata 
taatggtact 
tatggttata 
agtatatttt 
gtattaagat 
tgaatgtttg 
cctgaatgtg 
taatttgttc 
tatttttaaa 
tttcttttgg 
ttctttacaa 
tataaaacac 
x:tgctgacaa 
tgtgtattta 
attta 



ttgaaatttc 
ttattaaact 
atgaaatttt 
agagtataaa 
tattaaggtg 
tccagaattt 
tttaaaataa 
tttgaagcaa 
gaggttaatg 
gtacagttta 
cctcttcaaa 
tcagtaggtg 
tttagccatt 
actagtttta 
ttttgcaagt 
ttaaaagaga 
agagaatttt 
agtgcctcag 
ttaatgccct 
ataataatga 
gtatattact 
aactgtgttt 
ctttggggtt 
ttgtgaataa 
tccttaggat 
ccataagact 
agccacaatt 
tcaaacgctg 
gaagagggag 
ttttacgttt 
tgttcactgt 
aacctgggaa 
acttatgtaa 



taaattcata 
tgtacatata 
actacaattg 
cctttttagt 
gtggagccac 
gtttatatgg 
gcaataacaa 
actttttttt 
aagtaccaag 
atttagcagt 
atgcttaaat 
cattggaatc 
ttgctaagag 
agatcagagt 
tttcaggtaa 
aaaaaaaagg 
atttatagct 
agagaactgt 
ttcttattta 
cgataatact 
taatttattg 
aagcctacaa 
acctctctga 
atttttagaa 
aggcctatgt 
gaccttttaa 
tattgagaaa 
attacagata 
aaaatgaaat 
agaatgttta 
tttttttaaa 
tttgggttgt 
aagataagtc 



gggtagaatc 

ccaaaaagaa 
cttgttaaaa 
gtgactgtta 
tgcagtgtta 
ctggtaacat 
agaagaaaac 
atccttgtgc 
ctgtgcttga 
ccatatcaca 
tcatttcaca 
aagcctggct 
acacagtctt 
tcactttctt 
acctcagctc 
cccttttaaa 
aattttagct 
acggggtttg 
aaaacaaaac 
tcttttccac 
aagattatta 
tcattgattt 
atattatgta 
atctgattgg 
gctagcccac 
aatgttttga 
atattctgtg 
atagtattta 
aaatatcatt 
aggttaagaa 
aaaaaaactt 
gtatgcgaat 
tggaaataaa 



2520 

2580 

2640 

2700 

2760 

2820 

2880 

2940 

3000 

3060 

3120 

3180 

3240 

3300 

3360 

3420 

3480 

3540 

3600 

3660 

3720 

3780 

3840 

3900 

3960 

4020 

4080 

4140 

4200 

4260 

4320 

4380 

4440 

4465 



<210> 34 
<211> 2610 
<212> DNA 

<213> Artificial Sequence 



<220> 



<223> Description of Artificial Sequence : /note 
synthetic construct 



<400> 34 

gaattctacc 

gccccgctgg 

ccggtagcgc 

cctagtcagg 

agtagcacgt 

aggcctttgg 

gggaaggggt 

ggtcctcccg 

tcctcttcct 

agatggattg 

ggcacaacag 

cccggttctt 

agcgcggcta 

cactgaagcg 

atctcacctt 

tacgcttgat 



gggtagggga 
cacttggcgc 
caaccggctc 
aagttccccc 
ctcactagtc 
ggcagcggcc 
gggtccgggg 
aggcccggca 
catctccggg 
cacgcaggtt 
acaatcggct 
tttgtcaaga 
tcgtggctgg 
ggaagggact 
gctcctgccg 
ccggctacct 



ggcgcttttc 
tacacaagtg 
cgttctttgg 
ccgccccgca 
tcgtgcagat 
aatagcagct 
gcgggctcag 
ttctcgcacg 
cctttcgacc 
ctccggccgc 
gctctgatgc 
■ccgacctgtc 
ccacgacggg 
ggctgctatt 
agaaagtatc 
gcccattcga 



ccaaggcagt 
gcctctggcc 
tggccccttc 
gctcgcgtcg 
ggacagcacc 
ttgctccttc 
gggcgggctc 
cttcaaaagc 
tgcagccaat 
ttgggtggag 
cgccgtgttc 
cggtgccctg 
cgttccttgc 
gggcgaagtg 
catcatggct 
ccaccaagcg 



ctggagcatg 
tcgcacacat 
gcgccacctt 
tgcaggacgt 
gctgagcaat 
gctttctggg 
aggggcgggg 
gcacgtctgc 
atgggatcgg 
aggctattcg 
cggctgtcag 
aatgaactgc 
gcagctgtgc 
ccggggcagg 
gatgcaatgc 
aaacatcgca 



cgctttagca 
tccacatcca 
ctactcctcc 
gacaaatgga 
ggaagcgggt 
ctcagaggct 
cgggcgcgaa 
cgcgctgttc 
ccattgaaca 
gctatgactg 
cgcaggggcg 
aggacgaggc 
tcgacgttgt 
atctcctgtc 
ggcggctgca 
tcgagcgagc 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
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acgtactcgg 

gctcgcgcca 

cgtcgtgacc 

tggattcatc 

tacccgtgat 

cggtatcgcc 

ctgaggggat 

actaaaatgg 

attttgaatg 

tgctctttac 

taatttaaac 

gatctataga 

gtactgtggt 

ttccacatac 

cagatctgcg 

tgtagaggtt 

aatgaatgca 

caatagcatc 

gtccaaactc 

agccatacca 

aacctgaaac 

ggttacaaat 

tctagttgtg 

agaggatcat 

cacacctccc 

ttgcagctta 

ttttttcact 

ggatccccat 



atggaagccg 

gccgaactgt 

catggcgatg 

gactgtggcc 

attgctgaag 

gctcccgatt 

ccgctgtaag 

aagtttttcc 

gaaggattgg 

tgaaggctct 

aagcaaaacc 

tctctcgtgg 

ttccaaatgt 

acttcattct 

actctagagg 

ttacttgctt 

attgttgttg 

acaaatttca 

atcaatgtat 

catttgtaga 

ataaaatgaa 

aaagcaatag 

gtttgtccaa 

aatcagccat 

cctgaacctg 

taatggttac 

gcattctagt 

caagctgatc 



gtcttgtcga 
tcgccaggct 
cctgcttgcc 
ggctgggtgt 
agcttggcgg 
cgcagcgcat 
tctgcagaaa 
tgtcatactt 
agctacgggg 
ttactattgc 
aaattaaggg 
gatcattgtt 
gtcagtttca 
cagtattgtt 
atctgcgact 
taaaaaacct 
ttaacttgtt 
caaataaagc 
cttatcatgt 
ggttttactt 
tgcaattgtt 
catcacaaat 
actcatcaat 
accacatttg 
aaacataaaa 
aaataaagca 
tgtggtttgt 
cggaaccctt 



tcaggatgat 

caaggcgcgc 

gaatatcatg 

ggcggaccgc 

cgaatgggct 

cgccttctat 

ttgatgatct 

tgttaagaag 

gtgggggtgg 

tttatgataa 

ccagctcatt 

tttctcttga 

tagcctgaag 

ttgccaagtt 

ctagaggatc 

cccacacctc 

tattgcagct 

atttttttca 

ctggatctgc 

gctttaaaaa 

gttgttaact 

ttcacaaata 

gtatcttatc 

tagaggtttt 

tgaatgcaat 

atagcatcac 

ccaaactcat 



ctggacgaag 
atgcccgacg 
gtggaaaatg 
tatcaggaca 
gaccgcttcc 
cgccttcttg 
attaaacaat 
ggtgagaaca 

ggtgggatta 

tgtttcatag 
cctcccactc 
ttcccacttt 
aacgagatca 
ctaattccat 
ataatcagcc 
cccctgaacc 
tataatggtt 
ctgcattcta 
gactctagag 
acctcccaca 
tgtttattgc 
aagcattttt 
atgtctggat 
acttgcttta 
tgttgttgtt 
aaatttcaca 
caatgtatct 



agcatcaggg 

gcgatgatct 

gccgcttttc 

tagcgttggc 

tcgtgcttta 

acgagttctt 

aaagatgtcc 

gagtacctac 

gataaatgcc 

ttggatatca 

atgatctata 

gtggttctaa 

gcagcctctg 

cagaagcttg 

ataccacatt 

tgaaacataa 

acaaataaag 

gttgtggttt 

gatcataatc 

cctccccctg 

agcttataat 

ttcactgcat 

ctgcgactct 

aaaaacctcc 

aacttgttta 

aataaagcat 

tatcatgtct 



1020 

1080 

1140 

1200 

1260 

1320 

1380 

1440 

1500 

1560 

1620 

1680 

1740 

1800 

1860 

1920 

1980 

2040 

2100 

2160 

2220 

2280. 

2340 

2400 

2460 

2520 

2580 

.2610 



<210> 35 
<211> 75 
<212> DNA 

<213> Artificial Sequence 

<220> . , 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

atggaaatct gcagaggcct. ccgcagtcac ctaatcactc tcctcctctt cctgttccat 
tcagagacga tctgc 

<210> 36 

<211> 24 

<212> DNA 

<213> Artificial Sequence 



60 
75 



<220> . 
<223> Description of Artificial Sequence: /note 
synthetic construct 



<400> 36 

gcacctgtac gatcactgaa ctgc 

<210> 37 
<211> 25 
<212> DNA 

<213> Artificial Sequence 



24 



<220> 



<223> Description of Artificial Sequence: /note - 
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synthetic construct 
<400> 37 

ctttaggaag acacaaattg catgg 

<210> 38 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 38 

ttccattcag agacgatctg cgcaaatgta cgatca 

<210> 39 
<211> 43 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: /note = 
synthetic construct 

<400> 39 

tcacctaatc actctcctcc tcttcctgtt ccattcagag acg 

<210> 40 
<211> 43 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note 
synthetic construct 

<400> 40 

atggaaatct gcagaggcct ccgcagtcac ctaatcactc tec 

<210> 41 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: /note 
synthetic construct 

<400> 41 

atggaaatct gcagaggcct cc 

<210> 42 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: /note 
synthetic construct 
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<400> 42 

ctactcgtcc tcctggaagt agaatttg 28 

<210> 43 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note 
synthetic construct 

<400> 43 

aacccgttcc tccataaagg c 21 

<210> 44 
<211> 539 
<2X2> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 44 

atggaaatct gcagaggcct ccgcagtcac ctaatcactc tcctcctctt cctgttccat 60 

tcagagacga tctgcgcacc tgtacgatca ctgaactgca cgctccggga ctcacagcaa 120 

aaaagcttgg tgatgtctgg tccatatgaa ctgaaagctc tccacctcca gggacaggat 180 

atggagcaac aagtggtgtt ctccatgtcc tttgtacaag gagaagaaag taatgacaaa 240 

atacctgtgg ccttgggcct caaggaaaag aatctgtacc tgtcctgcgt gttgaaagat 300 

gataagccca ctctacagct ggagagtgta gatcccaaaa attacccaaa gaagaagatg 360 

gaaaagcgat ttgtcttcaa caagatagaa atcaataaca agctggaatt tgagtctgcc 420 

cagttcccca actggtacat cagcacctct caagcagaaa acatgcccgt cttcctggga 480 

gggaccaaag gcggccagga tataactgac ttcaccatgc aatttgtgtc ttcctaaag 539 

<210> 45 
<211> 534 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 45 



ctaatcactc 


tcctcctctt 


cctgttccat 


60 


aaatccagca 


agatgcaagc 


cttcagaatc 


120 


aggaacaacc 


aactagttgc 


tggatacttg 


180 


atagatgtgg 


tacccattga 


gcctcatgct 


240 


tgcctgtcct 


gtgtcaagtc 


tggtgatgag 


300 


actgacctga 


gcgagaacag 


aaagcaggac 


360 


ggccccacca 


ccagttttga 


gtctgccgcc 


420 


gaagctgacc 


agcccgtcag 


cctcaccaat 


480 


ttctacttcc 


aggaggacga 


gtag 


534 



<210> 46 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 46 

ataacttcgt ataatgtatg ctatacgaag ttat 

<210> 47 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 47 

ataacttcgt atagcataca ttatacgaag ttat 

<210> 48 
<211> 581 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 



<400> 48 

aattccgccc ctctccctcc ccccccccta acgttactgg ccgaagccgc ttggaataag 60 

gccggtgtgc gtttgtctat atgtgatttt ccaccatatt gccgtctttt ggcaatgtga 120 

gggcccggaa acctggccct gtcttcttga cgagcattcc taggggtctt tcccctctcg 180 

ccaaaggaat gcaaggtctg ttgaatgtcg tgaaggaagc agttcctctg gaagcttctt 240 

gaagacaaac aacgtctgta gcgacccttt gcaggcagcg gaacccccca cctggcgaca 300 

ggtgcctctg cggccaaaag ccacgtgtat aagatacacc tgcaaaggcg gcacaacccc 360 

agtgccacgt tgtgagttgg atagttgtgg aaagagtcaa atggctctcc tcaagcgtat 420 

tcaacaaggg gctgaaggat gcccagaagg taccccattg tatgggatct gatctggggc 480 

ctcggtgcac atgctttaca tgtgtttagt cgaggttaaa aaaacgtcta ggccccccga 540 

accacgggga cgtggttttc ctttgaaaaa cacgatgata a 581 

<210> 49 
<211> 1278 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 49 

tcgaggtgag ccccacgttc tgcttcactc tccccatctc ccccccctcc ccacccccaa 60 

ttttgtattt atttattttt taattatttt gtgcagcgat gggggcgggg gggggggggg 120 

cgcgcgccag gcggggcggg gcggggcgag gggcggggcg gggcgaggcg gagaggtgcg 

gcggcagcca atcagagcgg cgcgctccga aagtttcctt ttatggcgag gcggcggcgg 

cggcggccct ataaaaagcg aagcgcgcgg cgggcgggag tcgctgcgtt gccttcgccc 

cgtgccccgc tccgcgccgc ctcgcgccgc ccgccccggc tctgactgac cgcgttactc 360 

ccacaggtga gcgggcggga cggcccttct cctccgggct gtaattagcg cttggtttaa 420 

tgacggctcg tttcttttct gtggctgcgt gaaagcctta aagggctccg ggagggccct 480 

ttgtgcgggg gggagcggct cggggggtgc gtgcgtgtgt gtgtgcgtgg ggagcgccgc 540 

gtgcggcccg cgctgcccgg cggctgtgag cgctgcgggc gcggcgcggg gctttgtgcg 600 



180 
240 
300 
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ctccgcgtgt gcgcgagggg agcgcggccg ggggcggtgc cccgcggtgc gggggggctg 660 

cgaggggaac aaaggctgcg tgcggggtgt gtgcgtgggg gggtgagcag ggggtgtggg 720 

cgcggcggtc gggctgtaac ccccccctgc acccccctcc ccgagttgct gagcacggcc 780 

cggcttcggg tgcggggctc cgtgcggggc gtggcgcggg gctcgccgtg ccgggcgggg 840 

ggtggcggca ggtgggggtg ccgggcgggg cggggccgcc tcgggccggg gagggctcgg 900 

gggaggggcg cggcggcccc ggagcgccgg cggctgtcga ggcgcggcga gccgcagcca 960 

ttgcctttta tggtaatcgt gcgagagggc gcagggactt cctttgtccc aaatctggcg 1020 

gagccgaaat ctgggaggcg ccgccgcacc ccctctagcg ggcgcgggcg aagcggtgcg 1080 

gcgccggcag gaaggaaatg ggcggggagg gccttcgtgc gtcgccgcgc cgccgtcccc 1140 

ttctccatct ccagcctcgg ggctgccgca gggggacggc tgccttcggg ggggacgggg 1200 

cagggcgggg ttcggcttct ggcgtgtgac cggcggggtt tatatcttcc cttctctgtt 1260 

cctccgcagc cagccatg 1278 

<210> 50 
<211> 1278 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 



<400> 50 

tcgaggtgag ccccacgttc tgcttcactc tccccatctc ccccccctcc ccacccccaa 60 

ttttgtattt atttattttt taattatttt gtgcagcgat gggggcgggg gggggggggg 120 

cgcgcgccag gcggggcggg gcggggcgag gggcggggcg gggcgaggcg gagaggtgcg 180 

gcggcagcca atcagagcgg cgcgctccga aagtttcctt ttatggcgag gcggcggcgg 240 

cggcggccct ataaaaagcg aagcgcgcgg cgggcgggag tcgctgcgtt gccttcgccc 300 

cgtgccccgc tccgcgccgc ctcgcgccgc ccgccccggc tctgactgac cgcgttactc 360 

ccacaggtga gcgggcggga cggcccttct cctccgggct gtaattagcg cttggtttaa 420 

tgacggctcg tttcttttct gtggctgcgt gaaagcctta aagggctccg ggagggccct 480 

ttgtgcgggg gggagcggct cggggggtgc gtgcgtgtgt gtgtgcgtgg ggagcgccgc 540 

gtgcggcccg cgctgcccgg cggctgtgag cgctgcgggc gcggcgcggg gctttgtgcg 600 

ctccgcgtgt gcgcgagggg agcgcggccg ggggcggtgc cccgcggtgc gggggggctg 660 

cgaggggaac aaaggctgcg tgcggggtgt gtgcgtgggg gggtgagcag ggggtgtggg 720 

cgcggcggtc gggctgtaac ccccccctgc acccccctcc ccgagttgct gcgcacggcc 780 

cggcttcggg tgcggggctc cgtgcggggc gtggcgcggg gctcgccgtg ccgggcgggg 840 

ggtggcggca ggtgggggtg ccgggcgggg cggggccgcc tcgggccggg gagggctcgg 900 

gggaggggcg cggcggcccc ggagcgccgg cggctgtcga ggcgcggcga gccgcagcca 960 

ttgcctttta tggtaatcgt gcgagagggc gcagggactt cctttgtccc aaatctggcg 1020 

gagccgaaat ctgggaggcg ccgccgcacc ccctctagcg ggcgcgggcg aagcggtgcg 1080 

gcgccggcag gaaggaaatg ggcggggagg gccttcgtgc gtcgccgcgc cgccgtcccc 1140 

ttctccatct ccagcctcgg ggctgccgca gggggacggc tgccttcggg ggggacgggg 1200 

cagggcgggg ttcggcttct ggcgttgtac cggcggggtt tatatcttcc cttctctgtt 1260 

cctccgcagc cagccatg 1278 

<210> 51 
<211> 1729 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 



<400> .51 

gaattcggta ccctagttat taatagtaat caattacggg gtcattagtt catagcccat 60 

atatggagtt ccgcgttaca taacttacgg taaatggccc gcctggctga ccgcccaacg 120 

acccccgccc attgacgtca ataatgacgt atgttcccat agtaacgcca atagggactt 180 

tccattgacg tcaatgggtg gactatttac ggtaaactgc ccacttggca gtacatcaag 240 
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tgtatcatat gccaagtacg ccccctattg acgtcaatga cggtaaatgg cccgcctggc 300 

attatgccca gtacatgacc ttatgggact ttcctacttg gcagtacatc tacgtattag 360 

tcatcgctat taccatggtc gaggtgagcc ccacgttctg cttcactctc cccatctccc 420 

ccccctcccc acccccaatt ttgtatttat ttatttttta attattttgt gcagcgatgg 480 

gggcgggggg gggggggggg cgcgcgccag gcggggcggg gcggggcgag gggcggggcg 540 

gggcgaggcg gagaggtgcg gcggcagcca atcagagcgg cgcgctccga aagtttcctt 600 

ttatggcgag gcggcggcgg cggcggccct ataaaaagcg aagcgcgcgg cgggcgggag 660 

tcgctgcgac gctgccttcg ccccgtgccc cgctccgccg ccgcctcgcg ccgcccgccc 720 

cggctctgac tgaccgcgtt actcccacag gtgagcgggc gggacggccc ttctcctccg 780 

ggctgtaatt agcgcttggt ttaatgacgg cttgtttctt ttctgtggct gcgtgaaagc 840 

cttgaggggc tccgggaggg ccctttgtgc gggggggagc ggctcggggg gtgcgtgcgt 900 

gtgtgtgtgc gtggggagcg ccgcgtgcgg cccgcgctgc ccggcggctg tgagcgctgc 960 

gggcgcggcg cggggctttg tgcgctccgc agtgtgcgcg aggggagcgc ggccgggggc 1020 

ggtgccccgc ggtgcggggg gggctgcgag gggaacaaag gctgcgtgcg gggtgtgtgc 1080 

gtgggggggt gagcaggggg tgtgggcgcg gcggtcgggc tgtaaccccc ccctgcaccc 1140 

ccctccccga gttgctgagc acggcccggc ttcgggtgcg gggctccgta cggggcgtgg 1200 

cgcggggctc gccgtgccgg gcggggggtg gcggcaggtg ggggtgccgg gcggggcggg 1260 

gccgcctcgg gccggggagg gctcggggga ggggcgcggc ggcccccgga gcgccggcgg 1320 

ctgtcgaggc gcggcgagcc gcagccattg ccttttatgg taatcgtgcg agagggcgca 1380 

gggacttcct ttgtcccaaa tctgtgcgga gccgaaatct gggaggcgcc gccgcacccc 1440 

ctctagcggg cgcggggcga agcggtgcgg cgccggcagg aaggaaatgg gcggggaggg 1500 

ccttcgtgcg tcgccgcgcc gccgtcccct tctccctctc cagcctcggg gctgtccgcg 1560 

gggggacggc tgccttcggg ggggacgggg cagggcgggg ttcggcttct ggcgtgtgac 1620 

cggcggctct agagcctctg ctaaccatgt tcatgccttc ttctttttcc tacagctcct 1680 

gggcaacgtg ctggttattg tgctgtctca tcattttggc aaagaattc 1729 

<210> 52 
<211> 366 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note * 
synthetic construct 



<400> 52 

tagttattaa tagtaatcaa ttacggggtc attagttcat agcccatata tggagttccg 60 

cgttacataa cttacggtaa atggcccgcc tggctgaccg cccaacgacc cccgcccatt 120 

gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactttcc attgacgtca 180 

atgggtggac tatttacggt aaactgccca cttggcagta catcaagtgt atcatatgcc 240 

aagtacgccc cctattgacg tcaatgacgg taaatggccc gcctggcatt atgcccagta 300 

catgacctta tgggactttc ctacttggca gtacatctac gtattagtca tcgctattac 360 

catggt 3 66 

<210> 53 
<211> 1295 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 53 

ccaattttgt atttatttat tttttaatta ttttgtgcag cgatgggggc gggggggggg 60 

ggggggcgcg cgccaggcgg ggcggggcgg ggcgaggggc ggggcggggc gaggcggaga 120 

ggtgcggcgg cagccaatca gagcggcgcg ctccgaaagt ttccttttat ggcgaggcgg 180 

cggcggcggc ggccctataa aaagcgaagc gcgcggcggg cgggagtcgc tgcgacgctg 240 

ccttcgcccc gtgccccgct ccgccgccgc ctcgcgccgc ccgccccggc tctgactgac 300 

cgcgttactc ccacaggtga gcgggcggga cggcccttct cctccgggct gtaattagcg 360 

cttggtttaa tgacggcttg tttcttttct gtggctgcgt gaaagccttg aggggctccg 420 
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ggagggccct ttgtgcgggg gggagcggct cggggggtgc gtgcgtgtgt gtgtgcgtgg 480 

ggagcgccgc gtgcggcccg cgctgcccgg cggctgtgag cgctgcgggc gcggcgcggg 540 

gctttgtgcg ctccgcagtg tgcgcgaggg gagcgcggcc gggggcggtg ccccgcggtg 600 

cggggggggc tgcgagggga acaaaggctg cgtgcggggt gtgtgcgtgg gggggtgagc 660 

agggggtgtg ggcgcggcgg tcgggctgta acccccccct gcacccccct ccccgagttg 720 

ctgagcacgg cccggcttcg ggtgcggggc tccgtacggg gcgtggcgcg gggctcgccg 780 

tgccgggcgg ggggtggcgg caggtggggg tgccgggcgg ggcggggccg cctcgggccg 840 

gggagggctc gggggagggg cgcggcggcc cccggagcgc cggcggctgt cgaggcgcgg 900 

cgagccgcag ccattgcctt ttatggtaat cgtgcgagag ggcgcaggga cttcctttgt 960 

cccaaatctg tgcggagccg aaatctggga ggcgccgccg caccccctct agcgggcgcg 1020 

gggcgaagcg gtgcggcgcc ggcaggaagg aaatgggcgg ggagggcctt cgtgcgtcgc 1080 

cgcgccgccg tccccttctc cctctccagc ctcggggctg tccgcggggg gacggctgcc 1140 

ttcggggggg acggggcagg gcggggttcg gcttctggcg tgtgaccggc ggctctagag 1200 

cctctgctaa ccatgttcat gccttcttct ttttcctaca gctcctgggc aacgtgctgg 1260 

ttattgtgct gtctcatcat tttggcaaag aattc 1295 



<210> 54 
<211> 1278 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note « 
synthetic construct 

<400> 54 

tcgaggtgag ccccacgttc tgcttcactc tccccatctc ccccccctcc ccacccccaa 
ttttgtattt atttattttt taattatttt gtgcagcgat gggggcgggg gggggggggg 
cgcgcgccag gcggggcggg gcggggcgag gggcggggcg gggcgaggcg gagaggtgcg 
gcggcagcca atcagagcgg cgcgctccga aagtttcctt ttatggcgag gcggcggcgg 
cggcggccct ataaaaagcg aagcgcgcgg cgggcgggag tcgctgcgtt gccttcgccc 300 
cgtgccccgc tccgcgccgc ctcgcgccgc ccgccccggc tctgactgac cgcgttactc 
ccacaggtga gcgggcggga cggcccttct cctccgggct gtaattagcg cttggtttaa 
tgacggctcg tttcttttct gtggctgcgt gaaagcctta aagggctccg ggagggccct 
ttgtgcgggg gggagcggct cggggggtgc gtgcgtgtgt gtgtgcgtgg ggagcgccgc 
gtgcggcccg cgctgcccgg cggctgtgag cgctgcgggc gcggcgcggg gctttgtgcg 
ctccgcgtgt gcgcgagggg agcgcggccg ggggcggtgc cccgcggtgc gggggggctg 660 
cgaggggaac aaaggctgcg tgcggggtgt gtgcgtgggg gggtgagcag ggggtgtggg 
cgcggcggtc gggctgtaac ccccccctgc acccccctcc ccgagttgct gcgcacggcc 
cggcttcggg tgcggggctc cgtgcggggc gtggcgcggg gctcgccgtg ccgggcgggg 
ggtggcggca ggtgggggtg ccgggcgggg cggggccgcc tcgggccggg gagggctcgg 900 
gggaggggcg cggcggcccc ggagcgccgg cggctgtcga ggcgcggcga gccgcagcca 960 
ttgcctttta tggtaatcgt gcgagagggc gcagggactt cctttgtccc aaatctggcg 1020 
gagccgaaat ctgggaggcg ccgccgcacc ccctctagcg ggcgcgggcg aagcggtgcg 1080 
gcgccggcag gaaggaaatg ggcggggagg gccttcgtgc gtcgccgcgc cgccgtcccc 1140 
ttctccatct ccagcctcgg ggctgccgca gggggacggc tgccttcggg ggggacgggg 1200 
cagggcgggg ttcggcttct ggcgttgtac cggcggggtt tatatcttcc cttctctgtt 1260 
cctccgcagc cagccatg 

<210> 55 
<211> 229 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 55 

gtattagtca tcgctattac catggtgatg cggttttggc agtacatcaa tgggcgtgga 60 
tagcggtttg actcacgggg atttccaagt ctccacccca ttgacgtcaa tgggagtttg 120 



60 
120 
180 
240 



360 
420 
480 
540 
600 



720 
780 
840 
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ttttggcacc aaaatcaacg ggactttcca aaatgtcgta acaactccgc cccattgacg 180 
caaatgggcg gtaggcgtgt acggtgggag gtctatataa gcagagctc 229 

<210> 56 
<211> 281 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 56 

tggcattatg cccagtacat gaccttatgg gactttccta cttggcagta catctacgta 60 

ttagtcatcg ctattaccat ggtgatgcgg ttttggcagt acatcaatgg gcgtggatag 120 

cggtttgact cacggggatt tccaagtctc caccccattg acgtcaatgg gagtttgttt 180 

tggcaccaaa atcaacggga ctttccaaaa tgtcgtaaca actccgcccc attgacgcaa 240 

atgggcggta ggcgtgtacg gtgggaggtc tatataagca g 281 

<210> 57 

<211> 282 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 



60 



<400> 57 

attatgccca gtacatgacc ttatgggact ttcctacttg gcagtacatc tacgtattag 

tcatcgctat taccatggtg atgcggtttt ggcagtacat caatgggcgt ggatagcggt 120 

ttgactcacg gggatttcca agtctccacc ccattgacgt caatgggagt ttgttttggc 180 

accaaaatca acgggacttt ccaaaatgtc gtaacaactc cgccccattg acgcaaatgg 240 

gcggtaggcg tgtacggtgg gaggtctata taagcagagc tc 282 

<210> 58 
<211> 512 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note ■ 
synthetic construct 

<400> 58 

ttgcgttaca taacttacgg taaatggccc gcctggctga ccgcccaacg acccccgccc 60 

attgacgtca ataatgacgt atgttcccat agtaacgcca atagggactt tccattgacg 120 

tcaatgggtg gactatttac ggtaaactgc ccacttggca gtacatcaag tgtatcatat 180 

gccaagtacg ccccctattg acgtcaatga cggtaaatgg cccgcctggc attatgccca 240 

gtacatgacc ttatgggact ttcctacttg gcagtacatc tacgtattag tcatcgctat 300 

taccatggtg atgcggtttt ggcagtacat caatgggcgt ggatagcggt ttgactcacg 360 

gggatttcca agtctccacc ccattgacgt caatgggagt ttgttttggc accaaaatca 420 

acgggacttt ccaaaatgtc gtaacaactc cgccccattg acgcaaatgg gcggtaggcg 480 

tgtacggtgg gaggtctata taagcagagc tc 512 

<210> 59 
<211> 308 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 59 

tcggcgaagc ctcgcgcggc cggccaggac gaggagcgcc actaggttga acatccgcac so 

gagccgccgg gccaggtctc ggacgggctc tcgagactcg atctcgtgca tgtcggcggt 120 

ccgcggtgag gttatagacc atctgctagg cgggtccggg gagacaggca cattactggc 180 

ctcggcgccc agcctaggcg tgtctagagc tcgaccgcgc gtccggagcg ccattcgacc 24 0 

ggcgggtagc gagaagaacg ccggagaccg caggttataa caacgtcatg cataaattaa 300 

gaatgggc 308 

<210> 60 
<211> 1848 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: /note » 
synthetic construct 

<400> 60 

ctgcagtgaa taataaaatg tgtgtttgtc cgaaatacgc gtttgagatt tctgtcccga 60 

ctaaattcat gtcgcgcgat agtggtgttt atcgccgata gagatggcga tattggaaaa 120 

atcgatattt gaaaatatgg catattgaaa atgtcgccga tgtgagtttc tgtgtaactg 18 0 

atatcgccat ttttccaaaa gttgattttt gggcatacgc gatatctggc gatacgctta 240 

tatcgtttac gggggatggc gatagacgcc tttggtgact tgggcgattc tgtgtgtcgc 300 

aaatatcgca gtttcgatat aggtgacaga cgatatgagg ctatatcgcc gatagaggcg 360 

acatcaagct ggcacatggc caatgcatat cgatctatac attgaatcaa tattggccat 420 

tagccatatt attcattggt tatatagcat aaatcaatat tggctattgg ccattgcata 480 

cgttgtatcc atatcataat atgtacattt atattggctc atgtccaaca ttaccgccat 540 

gttgacattg attattgact agttattaat agtaatcaat tacggggtca ttagttcata 600 

gcccatatat ggagttccgc gttacataac ttacggtaaa tggcccgcct ggctgaccgc 660 

ccaacgaccc ccgcccattg acgtcaataa tgacgtatgt tcccatagta acgccaatag 720 

ggactttcca ttgacgtcaa tgggtggagt atttacggta aactgcccac ttggcagtac 780 

atcaagtgta tcatatgcca agtacgcccc ctattgacgt caatgacggt aaatggcccg 840 

cctggcatta tgcccagtac atgaccttat gggactttcc tacttggcag tacatctacg 900 

tattagtcat cgctattacc atggtgatgc ggttttggca gtacatcaat gggcgtggat 960 

agcggtttga ctcacgggga tttccaagtc tccaccccat tgacgtcaat gggagtttgt 1020 

tttggcacca aaatcaacgg gactttccaa aatgtcgtaa caactccgcc ccattgacgc 1080 

aaatgggcgg taggcgtgta cggtgggagg tctatataag cagagctcgt ttagtgaacc 1140 

gtcagatcgc ctggagacgc catccacgct gttttgacct ccatagaaga caccgggacc 1200 

gatccagcct ccgcggccgg gaacggtgca ttggaacgcg gattccccgt gccaagagtg 1260 

acgtaagtac cgcctataga gtctataggc ccaccccctt ggcttcttat gcatgctata 1320 

ctgtttttgg cttggggtct atacaccccc gcttcctcat gttataggtg atggtatagc 13 80 

ttagcctata ggtgtgggtt attgaccatt attgaccact cccctattgg tgacgatact 1440 

ttccattact aatccataac atggctcttt gcacaactct ctttattggc tatatgccaa 1500 

tacactgtcc ttcagagact gacacggact ctgtattttt acaggatggg gtctcattta 1560 

ttatttacaa attcacatat acaacaccac cgtccccagt gcccgcagtt tttattaaac 1620 

ataacgtggg atctccagcg aatctcgggt acgtgttccg gacatggggc tcttctccgg 1680 

tagcggcgga gcttctacat ccagccctgc tcccatcctc ccactcatgg tcctcggcag 1740 

ctccttgctc ctaacagtgg aggccagact taggcacagc acgatgccca ccaccaccag 1800 

tgtgcccaca aggccgtggc ggtagggtat gtgtctgaaa atgagctc 1848 

<210> 61 
<211> 1176 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 
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<400> 61 

cccgggccca gcaccccaag gcggccaacg ccaaaactct ccctcctcct cttcctcaat 60 

ctcgctctcg ctcttttttt ttttcgcaaa aggaggggag agggggtaaa aaaatgctgc 120 

actgtgcggc gaagccggtg agtgagcggc gcggggccaa tcagcgtgcg ccgttccgaa 180 

agttgccttt tatggctcga gcggccgcgg cggcgcccta taaaacccag cggcgcgacg 240 

cgccaccacc gccgagaccg cgtccgcccc gcgagcacag agcctcgcct ttgccgatcc 3 00 

gccgcccgtc cacacccgcc gccaggtaag cccggccagc cgaccggggc atgcggccgc 360 

ggccccttcg cccgtgcaga gccgccgtct gggccgcagc ggggggcgca tgggggggga 420 

accggaccgc cgtggggggc gcgggagaag cccctgggcc tccggagatg ggggacaccc 480 

cacgccagtt cggaggcgcg aggccgcgct cgggaggcgc gctccggggg tgccgctctc 540 

ggggcggggg caaccggcgg ggtctttgtc tgagccgggc tcttgccaat ggggatcgca 600 

gggtgggcgc ggcgtagccc ccgccaggcc cggtgggggc tggggcgcca ttgccggtgc 660 

gcgctggtcc tttgggcgct aactgcgtgc gcgctgggaa ttggcgctaa ttgcgcgtgc 720 

gcgctgggac tcaaggcgct aattgcgcgt gcgttctggg gcccggggtg ccgcggcctg 780 

ggctggggcg aaggcgggct cggccggaag gggtggggtc gccgcggctc ccgggcgctt 840 

gcgcgcactt cctgcccgag ccgctggccg cccgagggtg tggccgctgc gtgcgcgcgc 900 

gccgacccgg cgctgtttga accgggcgga ggcggggctg gcgcccggtt gggagggggt 960 

tggggcctgg cttcctgccg cgcgccgcgg ggacgcctcc gaccagtgtt tgccttttat 1020 

ggtaataacg cggccggccc ggcttccttt gtccccaatc tgggcgcgcg ccggcgcccc 1080 

ctggcggcct aaggactcgg cgcgccggaa gtggccaggg cgggggcgac ttcggctcac 1140 

agcgcgcccg gctattctcg cagctcacca tggatg 1176 

<210> 62 
<211> 49 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 62 

cttctggcgt gtgaccggcg gggtttatat cttcccttcc caagcttgg 4 9 

<210> 63 
<211> 66 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 63 

cttctggcgt gtgaccggcg gggtttatat cttcccttct ctgttcctcc gcagccccaa 60 
gcttgg 66 

<210> 64 
<211> 68 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 64 

cttctggcgt gtgaccggcg gggtttatat cttcccttct ctgttcctcc gcagccagcc 60 
aagcttgg 68 
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<210> 65 
<211> 69 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 65 

cttctggcgt gtgaccggcg gggtttatat cttcccttct ctgttcctcc gcagccagcc 60 
atggatgat 69 

<210> 66 

<211> 1278 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 66 

tcgaggtgag ccccacgttc tgcttcactc tccccatctc ccccccctcc ccacccccaa 60 

ttttgtattt atttattttt taattatttt gtgcagcgat gggggcgggg gggggggggg 120 

cgcgcgccag gcggggcggg gcggggcgag gggcggggcg gggcgaggcg gagaggtgcg 180 

gcggcagcca atcagagcgg cgcgctccga aagtttcctt ttatggcgag gcggcggcgg 240 

cggcggccct ataaaaagcg aagcgcgcgg cgggcgggag tcgctgcgtt gccttcgccc 300 

cgtgccccgc tccgcgccgc ctcgcgccgc ccgccccggc tctgactgac cgcgttactc 360 

ccacaggtga gcgggcggga cggcccttct cctccgggct gtaattagcg cttggtttaa 420 

tgacggctcg tttcttttct gtggctgcgt gaaagcctta aagggctccg ggagggccct 480 

ttgtgcgggg gggagcggct cggggggtgc gtgcgtgtgt gtgtgcgtgg ggagcgccgc 540 

gtgcggcccg cgctgcccgg cggctgtgag cgctgcgggc gcggcgcggg gctttgtgcg 600 

ctccgcgtgt gcgcgagggg agcgcggccg ggggcggtgc cccgcggtgc gggggggctg 660 

cgaggggaac aaaggctgcg tgcggggtgt gtgcgtgggg gggtgagcag ggggtgtggg 720 

cgcggcggtc gggctgtaac ccccccctgc acccccctcc ccgagttgct gcgcacggcc 780 

cggcttcggg tgcggggctc cgtgcggggc gtggcgcggg gctcgccgtg ccgggcgggg 840 

ggtggcggca ggtgggggtg ccgggcgggg cggggccgcc tcgggccggg gagggctcgg 900 

gggaggggcg cggcggcccc ggagcgccgg cggctgtcga ggcgcggcga gccgcagcca 960 

ttgcctttta tggtaatcgt gcgagagggc gcagggactt cctttgtccc aaatctggcg 1020 

gagccgaaat ctgggaggcg ccgccgcacc ccctctagcg ggcgcgggcg aagcggtgcg 1080 

gcgccggcag gaaggaaatg ggcggggagg gccttcgtgc gtcgccgcgc cgccgtcccc 1140 

ttctccatct ccagcctcgg ggctgccgca gggggacggc tgccttcggg ggggacgggg 1200 

cagggcgggg ttcggcttct ggcgttgtac cggcggggtt tatatcttcc cttctctgtt 1260 

cctccgcagc cagccatg 1278 

<210> 67 
<211> 1176 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 67 

cccgggccca gcaccccaag gcggccaacg ccaaaactct ccctcctcct cttcctcaat 60 

ctcgctctcg ctcttttttt ttttcgcaaa aggaggggag agggggtaaa aaaatgctgc 120 

actgtgcggc gaagccggtg agtgagcggc gcggggccaa tcagcgtgcg ccgttccgaa 180 

agttgccttt tatggctcga gcggccgcgg cggcgcccta taaaacccag cggcgcgacg 240 

cgccaccacc gccgagaccg cgtccgcccc gcgagcacag agcctcgcct ttgccgatcc 300 
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60 
120 



gccgcccgtc cacacccgcc gccaggtaag cccggccagc cgaccggggc atgcggccgc 360 

ggccccttcg cccgtgcaga gccgccgtct gggccgcagc ggggggcgca tgggggggga 420 

accggaccgc cgtggggggc gcgggagaag cccctgggcc tccggagatg ggggacaccc 480 

cacgccagtt cggaggcgcg aggccgcgct cgggaggcgc gctccggggg tgccgctctc 540 

ggggcggggg caaccggcgg ggtctttgtc tgagccgggc tcttgccaat ggggatcgca 600 

gggtgggcgc ggcgtagccc ccgccaggcc cggtgggggc tggggcgcca ttgccggtgc 660 

gcgctggtcc tttgggcgct aactgcgtgc gcgctgggaa ttggcgctaa ttgcgcgtgc 720 

gcgctgggac tcaaggcgct aattgcgcgt gcgttctggg gcccggggtg ccgcggcctg 780 

ggctggggcg aaggcgggct cggccggaag gggtggggtc gccgcggctc ccgggcgctt 840 

gcgcgcactt cctgcccgag ccgctggccg cccgagggtg tggccgctgc gtgcgcgcgc 900 

gccgacccgg cgctgtttga accgggcgga ggcggggctg gcgcccggtt gggagggggt 960 

tggggcctgg cttcctgccg cgcgccgcgg ggacgcctcc gaccagtgtt tgccttttat 1020 

ggtaataacg cggccggccc ggcttccttt gtccccaatc tgggcgcgcg ccggcgcccc 1080 

ctggcggcct aaggactcgg cgcgccggaa gtggccaggg cgggggcgac ttcggctcac 114 0 

agcgcgcccg gctattctcg cagctcacca tggatg 1176 

<210> 68 
<211> 1345 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 68 

tcgaggtgag ccccacgttc tgcttcactc tccccatctc ccccccctcc ccacccccaa 
ttttgtattt atttattttt taattatttt gtgcagcgat gggggcgggg gggggggggg 

cgcgcgccag gcggggcggg gcggggcgag gggcggggcg gggcgaggcg gagaggtgcg 180 

gcggcagcca atcagagcgg cgcgctccga aagtttcctt ttatggcgag gcggcggcgg 240 

cggcggccct ataaaaagcg aagcgcgcgg cgggcgggag tcgctgcgtt gccttcgccc 300 

cgtgccccgc tccgcgccgc ctcgcgccgc ccgccccggc tctgactgac cgcgttactc 360 

ccacaggtga gcgggcggga cggcccttct cctccgggct gtaattagcg cttggtttaa 420 

tgacggctcg tttcttttct gtggctgcgt gaaagcctta aagggctccg ggagggccct 480 

ttgtgcgggg gggagcggct cggggggtgc gtgcgtgtgt gtgtgcgtgg ggagcgccgc 540 

gtgcggcccg cgctgcccgg cggctgtgag cgctgcgggc gcggcgcggg gctttgtgcg 600 

ctccgcgtgt gcgcgagggg agcgcggccg ggggcggtgc cccgcggtgc gggggggctg 660 

cgaggggaac aaaggctgcg tgcggggtgt gtgcgtgggg gggtgagcag ggggtgtggg 720 

cgcggcggtc gggctgtaac ccccccctgc acccccctcc ccgagttgct gagcacggcc 780 

cggcttcggg tgcggggctc cgtgcggggc gtggcgcggg gctcgccgtg ccgggcgggg 840 

ggtggcggca ggtgggggtg ccgggcgggg cggggccgcc tcgggccggg gagggctcgg 900 

gggaggggcg cggcggcccc ggagcgccgg cggctgtcga ggcgcggcga gccgcagcca 960 

ttgcctttta tggtaatcgt gcgagagggc gcagggactt cctttgtccc aaatctggcg 1020 

gagccgaaat ctgggaggcg ccgccgcacc ccctctagcg ggcgcgggcg aagcggtgcg 1080 

gcgccggcag gaaggaaatg ggcggggagg gccttcgtgc gtcgccgcgc cgccgtcccc 1140 

ttctccatct ccagcctcgg ggctgccgca gggggacggc tgccttcggg ggggacgggg 1200 

cagggcgggg ttcggcttct ggcgtgtgac cggcggctct agagcctctg ctaaccatgt 1260 

tcatgccttc ttctttttcc tacagctcct gggcaacgtg ctggttgttg tgctgtctca 1320 
tcattttggc aaagaattca agctt 

<210> 69 
<211> 684 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note « 
synthetic construct 



1345 



<400> 69 

tcaatattgg ccattagcca tattattcat tggttatata gcataaatca atattggcta 



60 
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ttggccattg catacgttgt atctatatca taatatgtac atttatattg gctcatgtcc 120 

aatatgaccg ccatgttggc attgattatt gactagttat taatagtaat caattacggg 180 

gtcattagtt catagcccat atatggagtt ccgcgttaca taacttacgg taaatggccc 240 

gcctggctga ccgcccaacg acccccgccc attgacgtca ataatgacgt atgttcccat 300 

agtaacgcca atagggactt tccattgacg tcaatgggtg gagtatttac ggtaaactgc 360 

ccacttggca gtacatcaag tgtatcatat gccaagtccg ccccctattg acgtcaatga 420 

cggtaaatgg cccgcctggc attatgccca gtacatgacc ttacgggact ttcctacttg 480 

gcagtacatc tacgtattag tcatcgctat taccatggtg atgcggtttt ggcagtacac 540 

caatgggcgt ggatagcggt ttgactcacg gggatttcca agtctccacc ccattgacgt 600 

caatgggagt ttgttttggc accaaaatca acgggacttt ccaaaatgtc gtaataaccc 660 

cgccccgttg acgcaaatgg gcgg 684 

<210> 70 
<211> 4550 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 70 

ttaattcgat gtacgggcca gatatacgcg ttgacattga ttattgacta gttattaata 60 

gtaatcaatt acggggtcat tagttcatag cccatatatg gagttccgcg ttacataact 120 

tacggtaaat ggcccgcctg gctgaccgcc caacgacccc cgcccattga cgtcaataat 180 

gacgtatgtt cccatagtaa cgccaatagg gactttccat tgacgtcaat gggtggacta 240 

tttacggtaa actgcccact tggcagtaca tcaagtgtat catatgccaa gtacgccccc 300 

tattgacgtc aatgacggta aatggcccgc ctggcattat gcccagtaca tgaccttatg 360 

ggactttcct acttggcagt acatctacgt attagtcatc gctattacca tggtgatgcg 420 

gttttggcag tacatcaatg ggcgtggata gcggtttgac tcacggggat ttccaagtct 480 

ccaccccatt gacgtcaatg ggagtttgtt ttggcaccaa aatcaacggg actttccaaa 540 

atgtcgtaac aactccgccc cattgacgca aatgggcggt aggcgtgtac ggtgggaggt 600 

ctatataagc agagctctct ggctaactag agaacccact gcttactggc ttatcgaaat 660 

taagggatct gtagggcgca gtagtccagg gtttccttga tgatgtcata cttatcctgt 720 

cccttttttt tccacagctc gcggttgagg acaaactctt cgcggtcttt ccagtgggga 780 

tcgacggtat cgtagagtcg aggccgctct agaactagtg gatccggaac ccttaatata 840 

acttcgtata atgtatgcta tacgaagtta ttaggtccct cgacctgcag gaattctacc 900 

gggtagggga ggcgcttttc ccaaggcagt ctggagcatg cgctttagca gccccgctgg 960 

cacttggcgc tacacaagtg gcctctggcc tcgcacacat tccacatcca ccggtagcgc 1020 

caaccggctc cgttctttgg tggccccttc gcgccacctt ctactcctcc cctagtcagg 1080 

aagttccccc ccgccccgca gctcgcgtcg tgcaggacgt gacaaatgga agtagcacgt 1140 

ctcactagtc tcgtgcagat ggacagcacc gctgagcaat ggaagcgggt aggcctttgg 1200 

ggcagcggcc aatagcagct ttgctccttc gctttctggg ctcagaggct gggaaggggt 1260 

gggtccgggg gcgggctcag gggcgggctc aggggcgggg cgggcgcgaa ggtcctcccg 1320 

aggcccggca ttctcgcacg cttcaaaagc gcacgtctgc cgcgctgttc tcctcttcct 1380 

catctccggg cctttcgacc tgcagccaat atgggatcgg ccattgaaca agatggattg 1440 

cacgcaggtt ctccggccgc ttgggtggag aggctattcg gctatgactg ggcacaacag 1500 

acaatcggct gctctgatgc cgccgtgttc cggctgtcag cgcaggggcg cccggttctt 1560 

tttgtcaaga ccgacctgtc cggtgccctg aatgaactgc aggacgaggc agcgcggcta 1620 

tcgtggctgg ccacgacggg cgttccttgc gcagctgtgc tcgacgttgt cactgaagcg 1680 

ggaagggact ggctgctatt gggcgaagtg ccggggcagg atctcctgtc atctcacctt 1740 

gctcctgccg agaaagtatc catcatggct gatgcaatgc ggcggctgca tacgcttgat 1800 

ccggctacct gcccattcga ccaccaagcg aaacatcgca tcgagcgagc acgtactcgg 1860 

atggaagccg gtcttgtcga tcaggatgat ctggacgaag agcatcaggg gctcgcgcca 1920 

gccgaactgt tcgccaggct caaggcgcgc atgcccgacg gcgatgatct cgtcgtgacc 1980 

catggcgatg cctgcttgcc gaatatcatg gtggaaaatg gccgcttttc tggattcatc 2040 

gactgtggcc ggctgggtgt ggcggaccgc tatcaggaca tagcgttggc tacccgtgat 2100 

attgctgaag agcttggcgg cgaatgggct gaccgcttcc tcgtgcttta cggtatcgcc 2160 

gctcccgatt cgcagcgcat cgccttctat cgccttcttg acgagttctt ctgaggggat 2220 

ccgctgtaag tctgcagaaa ttgatgatct attaaacaat aaagatgtcc actaaaatgg .2280 

aagtttttcc tgtcatactt tgttaagaag ggtgagaaca gagtacctac attttgaatg 2340 
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gaaggattgg agctacgggg gtgggggtgg ggtgggatta gataaatgcc tgctctttac 2400 

tgaaggctct ttactattgc tttatgataa tgtttcatag ttggatatca taatttaaac 2460 

aagcaaaacc aaattaaggg ccagctcatt cctcccactc atgatctata gatctataga 2520 

tctctcgtgg gatcattgtt tttctcttga ttcccacttt gtggttctaa gtactgtggt 2580 

ttccaaatgt gtcagtttca tagcctgaag aacgagatca gcagcctctg ttccacatac 2640 

acttcattct cagtattgtt ttgccaagtt ctaattccat cagaagcttg cagatctgcg 2700 

actctagagg atctgcgact ctagaggatc ataatcagcc ataccacatt tgtagaggtt 2760 

ttacttgctt taaaaaacct cccacacctc cccctgaacc tgaaacataa aatgaatgca 2820 

attgttgttg ttaacttgtt tattgcagct tataatggtt acaaataaag caatagcatc 2880 

acaaatttca caaataaagc atttttttca ctgcattcta gttgtggttt gtccaaactc 2940 

atcaatgtat cttatcatgt ctggatctgc gactctagag gatcataatc agccatacca 3000 

catttgtaga ggttttactt gctttaaaaa acctcccaca cctccccctg aacctgaaac 3 060 

ataaaatgaa tgcaattgtt gttgttaact tgtttattgc agcttataat ggttacaaat 3120 

aaagcaatag catcacaaat ttcacaaata aagcattttt ttcactgcat tctagttgtg 3180 

gtttgtccaa actcatcaat gtatcttatc atgtctggat ctgcgactct agaggatcat 3240 

aatcagccat accacatttg tagaggtttt acttgcttta aaaaacctcc cacacctccc 3300 

cctgaacctg aaacataaaa tgaatgcaat tgttgttgtt aacttgttta ttgcagctta 3360 

taatggttac aaataaagca atagcatcac aaatttcaca aataaagcat ttttttcact 3420 

gcattctagt tgtggtttgt ccaaactcat caatgtatct tatcatgtct ggatccccat 3480 

caagctgatc cggaaccctt aatataactt cgtataatgt atgctatacg aagttattag 3540 

gtccctcgac ctgcagccca agctagctta tcgataccga tggaaatctg cagaggcctc 3600 

cgcagtcacc taatcactct cctcctcttc ctgttccatt cagagacgat ctgcgcacct 3660 

gtacgatcac tgaactgcac gctccgggac tcacagcaaa aaagcttggt gatgtctggt 3720 

ccatatgaac tgaaagctct ccacctccag ggacaggata tggagcaaca agtggtgttc 3780 

tccatgtcct ttgtacaagg agaagaaagt aatgacaaaa tacctgtggc cttgggcctc 3840 

aaggaaaaga atctgtacct gtcctgcgtg ttgaaagatg ataagcccac tctacagctg 3900 

gagagtgtag atcccaaaaa ttacccaaag aagaagatgg aaaagcgatt tgtcttcaac 3960 

aagatagaaa tcaataacaa gctggaattt gagtctgccc agttccccaa ctggtacatc 4020 

agcacctctc aagcagaaaa catgcccgtc ttcctgggag ggaccaaagg cggccaggat 4080 

ataactgact tcaccatgca atttgtgtct tcctaaagtc gaccacgtta ctggccgaag 4140 

ccgcttggaa taaggccggt gtgcgtttgt ctatatgtga ttttccacca tattgccgtc 4200 

ttttggcaat gtgagggccc ggaaacctgg ccctgtcttc ttgacgagca ttcctagggg 4260 

tctttcccct ctcgccaaag gaatgcaagg tctgttgaat gtcgtgaagg aagcagttcc 4320 

tctggaagct tcttgaagac aaacaacgtc tgtagcgacc ctttgcaggc agcggaaccc 4380 

cccacctggc gacaggtgcc tctgcggcca aaagccacgt gtataagata cacctgcaaa 4440 

ggcggcacaa ccccagtgcc acgttgtgag ttggatagtt gtggaaagag tcaaatggct 4500 

ctcctcaagc gtattcaaca aggggctgaa ggatgcccag aaggtacccc 4550 

<210> 71 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note = 
synthetic construct 

<400> 71 

tccaatttac tgaccgtaca cc 22 

<210> 72 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note « 
synthetic construct 

<400> 72 

gcaacaccat tttttctgac c 21 
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<210> 73 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note 
synthetic construct 

<400> 73 

aatatcttaa ttaaatctct agatgcttcg cgatgtacgg gc 

<210> 74 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note 
synthetic construct 

<400> 74 

tagtcatata tgatcttaat taaaagcttg ggtctccc 

<210> 75 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note 
synthetic construct 

<400> 75 

attaattaat. cgatgcggcc gctctagatt aattaata 

<210> 76 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : /note 
synthetic construct 

<400> 76 

taattaatta gctacgccgg cgagatctat ttaattat 
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